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LXXIX. 


THE  APPROniATE  VALUE  OP  A  REDUCTION   OP   RULING   OR 
MAXIMUM  GRADES, 

ESPECIALLY  FOR  THE  USE  OF  ENGINEERS  ON  LOCATION  OF  RAILROADS. 

A  Paper  by  John  G.  Clarke,  C.  E.,  Member  of  the  Society, 
'Read  Maech  18th,  1874. 


At  the  request  of  some  professional  friends,  the  following  method  of 
obtaining  ai^proximately  the  value  of  the  reduction  of  a  ruling,  or 
maximum  gi'ade  on  a  raOroad,  is  respectfully  submitted  for  the  con- 
sideration of  the  Society.  For  the  basis  of  the  papier,  the  wi-iter  is 
indebted  to  the  late  Charles  Ellet,  Jr. 

The  want  long  felt  by  engineers  on  location,  of  some  method  by 
which  they  may  feel  assured  that  the  expenditure  which  they  make  to 
reduce  the  ruling  grade  is  legitimate  and  proper,  has  given  birth  to 
many  empyi'ical  formulas,  none  of  which,  so  far  as  known,  are  at  all 
satisfactory.  It  is  not  claimed  that  the  formula  now  presented  is  exact ; 
because  the  very  foiindation — the  amount  of  business  that  the  road  shall 
do — is  conjectural,  and  in  order  to  obtain  a  formula  which  can  be  apiilied 
readily,  values  which  are  not  mathematically  accurate  are  admitted,  but 
these  errors  are  of  small  importance,  and  it  is  thought  that  when  a  i^retty 
close  estimate  of  the  value  of  the  grade,  upon  the  conjecture  that  it  is  to 
do  a  certain  amount  of  business,  is  arrived  at,  it  ^dll  be  near  enough  for 
all  practical  purposes. 

The  value  of  the  reduction  being  the  effect  which  such  reduction  will 
have  on  the  cost  of  transportation,  this  cost  is  divided  under  three  heads: 

First— The  cost  of  repairs,  &c. ,  to  road  (not  including  cost  of  relay- 
ing track).     This  is  evidently  constant  per  mile. 
17 
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Second — Deterioration,  caused  by  transportation  of  materials,  as 
repairs  to  track  due  to  weight  of  freight,  expense  of  repairing  and  renew- 
ing cars,  also  expense  of  agents,  force  of  all  kinds,  and  contingencies, 
witli  interest  on  cost  of  cars  ;  the  items  under  this  head  are  constant  pet' 
ion  per  mile. 

Third — Locomotive  power ;  this  embraces  expense  of  repairs  to 
track  due  to  weight  of  engine  and  tender,  cost  of  repairing  and  renewing 
engine  and  tender,  interest  on  first  cost,  cost  of  fuel,  kc. ,  and  wages  of 
engineman,  fireman  and  conductor.  This  item  of  cost  is  reri/  nenrly  con- 
stont  per  mile  run  by  the  engine,  and  for  this  discussion  is  assumed  at 
40  cents  ;  the  proper  number  for  one  class  of  engines  would,  of  coiirse, 
be  slightly  changed  for  another,  but  the  variation  from  the  average  is 
not  large. 

In  speaking  of  quantities  as  constant,  it  is  evidently  meant  that 
they  will  be  constant  for  any  i^articular  road,  regardless  of  grade  ;  they 
will,  of  course,  vary  with  each  road,  depending  upon  locality,  manage- 
ment, traffic,  &c.  The  cost  of  the  items  under  the  first  two  heads  being 
independent  of  the  gi'ade,  its  value  is  therefore  to  be  measured  hj  the 
reduction  of  the  cost  of  motive  power  which  it  entails,  or  what  is  the 
same,  the  reduction  of  the  total  number  of  miles  which  the  engines  are 
obliged  to  travel  in  consequence  of  being  able  to  cany  the  larger  load  ; 
and  thus,  it  is  not  the  height  of  the  summits,  but  the  rate  of  ascent  that 
is  to  be  considered. 

Let  W  rej)resent  the  gross  weight  in  tons  in  full  trains  carried 
annually  one  mile  in  the  dii'ection  opposed  to  the  maximum  gxade,  and 
A  represent  the  average  gToss  load  in  tons  an  engine  can  draw  up  this 

2  TT^      . 

gi'ade,  then  — j—  wiU  equal  the  number  of    miles  the   engines  travel 

^  2  W  4  W 

annually,  and  — ^  X  0-40  =    ^   j  >  """iU  be  the  annual  cost  of  motive 

power  in  dollars. 

The  rolling  friction  of  car  wheels  being  taken  at  y^T  of  the  weight, 
or  about  6  pounds  per  ton,  the  force  of  gTa^ity  and  friction  on  a  gi-ade 
of  16  feet  per  mile  is  twice  the  resistance  of  friction  on  a  level ;  on  a  32- 
foot  gi'ade,  three  times  ;  on  a  48-foot  grade,  four  times,  <S:c.  Then  if  T 
equal  the  gi'oss  load  an  engine  can  draw  on  a  level,  and  X  equal  the 
maximum  gi'ade — 


16 
+ 
and  as  on  low  grades  the  weight  of  the  engine  is  small  in  i)roportiou  to 


^^  16-f  X  —  ^' 
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tlie  -weigbt  of  the  tiiiiu  wliicli  it  draws — in  order  to  obtain  a  formula 
wliich  can  be  used — its  weight  may  be  assumed  to  vary  with  the  weight 
of  the  train,  and  thus  the  formuLa  found  above  may  be  applied  to 
the  train  alone,  without  considering  the  weight  of  the  engine. 

In  the  very  able  report  of  Mr.  Silas  Seymour,  on  the  change  of 
grade  on  the  Union  Pacific  R.  E. ,  west  of  Omaha,  he  carefully  worked 
out  a  table  showing  the  number  of  cars  his  engines  would  haul  on 
diflferent  gTades,  in  which  he  has  even  taken  into  consideration  the  effect 
of  the  wind  on  his  train  moving  at  a  given  velocity  ;  below  is  a  table 
giving  Mr.  Seymour's  loads  in  cars  on  gi'ades  from  10  to  80  feet,  and 
olDposite,  the  numbers  of  cars  given  by  the  above  equation,  discarding 
from  it  the  weight  of  the  engine  : 


Grades. 

Seymour's  Report. 

Formula. 

Feet. 

Cars. 

Differences. 

Cars. 

Differences. 

0 
10 
20 
30 
40 
50 
60 
70 
80            j 

94 

56 

40 

30i 

25 

201 

17 

15 

13 

38 
16 
H 
H 

3| 

2 

•2 

• 

94 

58 

42 

321 

27 

23 

19-1 

17 

151 

36 
10 

n 

4 

^ 

2J 

By  this  table  it  T\ill  be  observed  that  the  differences  between  Mr. 
Seymour's  figures,  which  are  accepted  as  accurate,  and  those  given  by 
the  formula,  are  nearly  alike  ;  and,  therefore,  the  calculated  values  of 
any  modification  of  gi'ade  from  either  column  will  be  almost  identical 
for  any  grade  less  than  100  feet  per  mile. 

Substitute  in  the  expression  of  the  annual  cost  of  the  motive  power 

4  TF  16  +  X  ^ 

in  dollars,   ^    .  ,  the  value  of  A,  just  found,  and  it  becomes     ^n  T 

Ifsow,  if  X  assume  a  new  value   X\  the   difference  in  cost  of  motive 
power  between  the  two  grades  will  be 


16 


X' 


20  T 


TV- 


16  +  X 
20  T 


W 


X'  —  X 
20  T 


W. 


For  appUcation,  let  X^  —  X  =  1,  then  :x)~T  '^^'^^^  ^^"^   *^^^   increment 
in  the  annual  workina-  cost  for  each  foot  of  the  grade. 
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As  an  example — assume  940  tons,  the  load  wliicli  Mr.  Seymour  takes 
as  the   gi'oss  load  an  engine  can  draw  on   a  level   on   his  road,  then 

W  W 

20  T^^  18800  '   c^pi^^li^ie  this    (money  taken    at   7   per    cent.),    and 

1  100  1 

•1QQQQ    X  'Y~  ^  Trffi  °^  *  dollar  will  be  the  value  per  ton  per  mile  for 

each  foot  taken  from  the   ruling  grade.      The   engine   stage  west   of 

Omaha  is  reported  to  be  145  miles  long,  and  it  is  presumed  that  this  is 

found  to  be  the  economical  run  for  the  engine ;  if  Mr.  Seymour's  figures, 

112,800  tons,  for  the  probable  business  to  be  done  against  the  heavy 

grade,  are  taken  as  the  gross  tonnage  conveyed  through  in  the  direction 

of  the  grade,  the  sum  one  would  be  justified  in  si^ending  to  reduce  the 

,     .     „           ..,  ,      112,800  X  145  X  10 
grade  10  feet,  wiU  be gjg — ~ —  =  Sl24,286. 

Mr.  "WrLSON  Crosby — The  line  on  the  Union  Pacific  Railroad,  be- 
tween Omaha  and  the  Elkhoru  river,  as  at  first  adopted,  showed  grades 
of  66  feet  per  mile,  ascending  westward  in  two  instances,  and  80  feet  per 
mile  ascending  eastward  in  three  instances  ;  and  so  distributed  that  the 
engine  power  required  to  work  this  part  of  the  road  would  practically 
have  to  run  over  the  whole  distance  between  Omaha  and  the  Elkhorn, 
23  mUes.*  By  this  formula  the  value  of  a  reduction  of  10  feet  in  the 
ruling  grade  with  the  assumed  movement  of  112,800  tons  against  it 
annually,  would  be 

112,800X23X10^^19^714 
1,316 

instead  of  ^124,286,  obtained  by  supi^osing  the  engines  to  all  run  a  dis- 
tance of  145  miles  west  of  Omaha.  If  the  grades  were  made  to  conform 
to  30  feet  per  mUe  rising  west  beyond  the  Elkhorn  river,  the  amount  of 
expenditure  justifiable  to  accomplish  this  then  would  be 

112,800  X  23  X  (66-30)       ^„(.  ar,. 
1:316  ^'^,^11. 


*  West  of  Elkhorn  the  grades  were  level,  or  ascending  gently  westward.  As  the  idea  of 
reducing  the  grades  between  Omaha  and  the  Elkkorn  to  30  feet  per  mile  was  entertained,  it  i& 
presumable  that  those  in  the  Platte  Valley  did  not  exceed  this  limit,  and  that  30  feet  per  mile, 
rising  west,  may  be  taken  as  the  rolling  grade  on  all  except  the  section  between  Omaha  and 
the  Elkhorn. 

The  annual  business  to  be  anticipated  when  converted  into  freight  car-loads,  according  to 
Mr.  Seymour's  standard,  gives  45,000  car-loads  westward  and  3-1,700  car-loads  eastward  (includ- 
ing the  retiirn  of  empty  cars).  By  reference  to  the  table  it  will  be  seen  that  an  amount  of 
force  capable  of  transporting  45,000  car-loads  up  grades  of  66  feet  per  mile,  will  be  more  than 
sufficient  to  haul  31,700  car-loads  in  the  opposite  direction  up  grades  of  80  feet  per  mile.  For 
this  proportion  of  traffic  39  feet  per  mile  ascending  east  would  be  an  equivalent  to  30  feet 
ascending  west.  The  66  feet  rising  west  is  the  ruling  grade  on  this  part  of  the  road  as  located 
originally. 
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LXXX. 

AN  ACCOUNT  OF  THE  OPERATIOX  OF  THE  GOPOWHER  PILE- 
DRIVER. 

A  Paper  by  Samuel  E.  Probasco,   C.  E.,  Member  of  tlie 

Society. 

Read  Makch  5th,  1873. 


The  macliiae  known  as  "  Shaw's  joatent  gunpowder  pile-di"iver"  was 
set  at  work  in  October,  1872,  on  a  hue  of  sheet  piles,  to  be  driven  for  a 
dam  now  in  process  of  construction  for  a  reservoir  in  the  valley  of  Par- 
sonage creek  on  Long  Island.  The  material  in  which  the  piles  are 
driven  is  sand,  mixed  with  fine  gravel,  in  places  cemented  together  by 
a  deposit  of  iron,  which  renders  it  excessively  hard,  and  difficult  to  move 
with  the  aid  of  a  i^ick,  and  causes  it  to  resemble  the  traditional  "  hard 
pan."  It  was  found  in  jiatches  over  the  entire  area  to  be  used  for  the  site 
of  the  dam,  and  at  varying  depths.  The  existence  of  clay  in  i:)ockets 
of  varying  size  below  the  water-level  of  the  basin  is  known,  and  some 
borings  made,  have  shown  it  to  l)e  present  at  about  15  feet  below  the 
surface,  in  fine  particles  and  thoroughly  mixed  with  sand  ;  this  lower 
strata  is  excessively  hard,  or,  rather,  tough  and  tenacious  when  in  j)lace, 
and  presents  an  obstacle  even  to  a  boring  augur  ;  the  whole  material  is 
under  water. 

The  machine  resembles  an  ordinary  pile-driver  in  form.  A  mass  of 
iron  bored  out  like  a  gun  rests  on  the  head  of  the  pile,  and  remains 
there.  A  block  of  iron  with  a  piston,  which  corresponds  to  the  bore  of 
the  gun,  and  has  no  wdndage,  is  moved  up  by  the  explosion  of  powder 
within  the  gun.  As  soon  as  the  piston  leaves  the  gun,  a  cartridge  is 
thrown  in,  and  the  piston  descending  air  tight,  in  the  bore  of  the  gun, 
generates  heat  by  compressing  the  air  within  the  bore,  sufficient  to 
igiiite  the  powder,  which  exploding,  forces  the  ram  up  and  the  pile 
down.  The  area  of  the  j)iston  is  supposed  to  be  adjusted  to  the  weight 
of  the  ram,  which  also  has  to  be  adjusted  to  the  work  to  be  done.  The 
cartridges  are  of  what  is  known  as  "  soda  powder,"  made  up  in  cylinders 
of  Ij  to  1+  ounces,  covered  with  a  coating  of  black  lead  and  paraffine  ; 
this  coating  is  relied  upon  to  keeji  the   jDOwder  dry,  to  lubricate  the  gun 
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and  tlierebj'  in-eserve  the  requisite  tightness  to  prevent  the  escape  of  gas 
and  to  cause  the  entire  force  to  be  exerted  on  the  base  of  the  piston. 
The  gun  and  ram  are  of  cast-iron ;  the  latter  has  attached  to  its  under- 
side a  piston  of  -wrought-iron  of  little  less  bore  than  the  gun  ;  on  its 
lower  end  is  a  steel  ring  -which  fits  the  bore  closely.  The  whole  device, 
while  first  working,  is  very  pretty  to  look  at,  and  seems  to  be  all  that  is 
required. 

The  actual  result  of  the  performance  on  this  work  was  as  follows  : 
At  first,  several  explosions  are  necessary  to  lubricate  the  gain,  which 
leaks  gas  so  that  the  ram  yriE  not  go  to  the  requisite  height  to  move 
the  i^ile,  but  after  a  few  shots  the  piston  moves  ui)  regularly  -ndth  each 
explosion,  and  descending,  fires  the  charge,  which  moves  the  pile  down 
and  itself  upward  When  the  resistance  is  small,  as  in  driving  in  mud 
or  any  other  soft  material,  this  machine  may  be  economical,  but  in  the 
material  before  specified,  where  the  resistance  is  uniform  from  the  start, 
and  to  force  a  pile  down  15  to  16  feet  requires  over  300  blows  from  cart- 
ridges costing  2+  cents  each,  its  economic  value  is  nil.  The  gas  from  the 
exploded  powder  soon  eats  passages  in  the  steel  ring  at  the  lower  end  of 
the  piston,  and  as  soon  as  the  gas  can  escape,  the  moxdug  power  of  the 
machine  is  gone,  and  the  blow  fails  to  move  the  pile.  The  gun  gets  in- 
tensely hot  from  the  rapid  discharges  and  the  number  of  shots  required 
to  move  a  pile  to  jilace  in  the  dense  material,  and  enlarges  in  its  bore 
from  this  cause,  whereby  the  gas  escapes. 

When  first  set  to  work  7  piles  were  driven  with  it.  By  this  time,  not 
only  was  the  expense  for  powder  very  great  (each  pile  cost  more  for 
powder  than  the  contractor  got  for  piles  in  i^lace),  but  the  machine  re- 
refused  to  work.  On  examination,  it  was  found  that  the  steel  ring  was 
full  of  scores  or  furrows  from  the. action  of  the  powder,  and  that  the 
piston  (of  5  inches  diameter)  was  so  bent  as  to  be  useless.  It  was  pre- 
sumed this  was  so  injured  by  striking  the  bottom  of  the  gun,  the  air 
cushion  relied  upon  to  prevent  its  reaching  the  bottom  of  the  bore 
being  lost  by  the  scoring  of  the  ring.  The  inventor  was  then  called 
ui)on  to  examine  the  machine.  He  stated  the  cause  of  the  undue  con- 
sumption of  ijowder  was  o-ttdng  to  the  area  of  the  piston  not  being 
enough  for  the  weight — from  1,700  to  1,800  lbs.  of  the  ram  above  it. 
The  bending  of  the  piston  was  accounted  for  as  before  stated,  and  the 
action  of  the  powder  in  producing  furrows  in  the  ring  was  held  to  be 
due  to  the  softness  of  the  metal  in  the  ring.  The  gun  and  ram  were  sent 
to  Philadelphia,  and  after  two  weeks  were  returned,  vdih  a  new  piston  7 
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inches  in  diameter  fitted  in  tlie  ram,  and  tlie  gun  bored  out  to  corre- 
spond. Work  was  recommenced.  After  driving  10  piles  the  machine  was 
again  laid  aside  ;  the  final  result  being  the  same  as  in  the  first  trials, 
except  that  the  piston  was  not  bent.  The  gun  got  so  hot  from  the  re- 
peated discharges  as  to  fuse  the  coating  of  the  cartridges,  and  to  fire  the 
powder  before  the  ram  got  down  to  its  place  ;  it  thereby  failed  to  move 
the  pile  ;  the  ring  was  scored  and  furrowed  as  before,  and  the  leakage  of 
gas  was  so  gi-eat  that  there  was  not  sufiicient  force  to  move  the  ram. 
The  work  of  experimenting  then  ceased,  and  the  driving  of  the  piles 
was  commenced  by  the  usual  process,  and  successfully  accomplished  at  a 
reduced  cost. 

A  probable  cause  of  the  failure  of  the  machine  to  do  this  work  was 
owing  to  the  i)ermauent  expansion  of  the  gun  in  the  diameter  of  the 
bore,  from  the  great  heat  caused  by  the  frequent  discharges.  In  Major 
Wade's  or  Ca^jt.  Rodman's  Reports  to  the  Chief  of  Ordnance,  U.  S. 
A. ,  may  be  found  tables  of  the  enlargement  of  the  bores  of  guns  from 
6  inches  to  15  inches  in  diameter,  and  for  discharges  numbering  from 
25  to  2,500,  which  show  a  continuous  expansion  and  permanent  set.  The 
same  result  must  inevitably  obtain  in  the  case  of  the  pile-driver  gun  ; 
slower,  of  course,  on  account  of  the  less  amount  of  heat,  due  to  the 
smaller  quantity  of  powder,  but  the  discharges  are  much  more  frequent, 
and  the  heat  has  less  opportunity  to  pass  away  before  receiving  an  ac- 
cession. The  thinness  of  the  wall  of  the  pile-di'iver  gun  is  more  favorable 
to  its  cooling  than  in  the  case  of  cannon,  but  enlargement  must  ensue 
from  the  heat,  and  as  the  piston  and  ring  cannot  expand  with  the  gun 
in  the  same  ratio,  but  slower,  on  accoimt  of  difference  in  form  and  ex- 
posure to  heat,  the  windage  must  increase  with  greater  or  less  rapidity. 
This  cause,  of  itself,  is  sufficient  to  warrant  the  opinion  that  i^ile-driving 
on  this  i^rinciple  must  be  a  failure,  when  the  resistance  is  gi-eat,  and  the 
number  of  blows  to  be  made  involve  the  consumption  of  a  large  quantity 
of  powder. 

In  all,  17  piles  were  driven  by  this  machine,  to  dejsths  varying  from 
14  to  19  feet,  and  needing  from  200  to  300  blows  of  1^  ounce  cart- 
ridges. Its  economy  is,  as  yet,  in  no  way  aiiparent  in  this  material ;  as 
compared  with  the  i^rocess  of  driving  with  a  ram,  the  same  number 
of  men  is  needed  to  do  the  work  ;  an  engine  is  necessary  to  j)ut  the 
j)iles  on  end  and  to  lift  the  gtm  and  ram  while  setting  the  pile  ;  the  first 
cost  of  the  machine  is  much  gi-eater,  and  so  far  it  has  failed  to  do  the  work 
successfully.    11  i^iles  have  been  i)ut  down  15^  feet  in  10  hours  (this  is  a 
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maximum  effort,  8  to  9  ordinarily  form  a  day's  work),  by  liammer 
"weighing  1,800  poixnds,  falling  from  8  to  10  feet,  and  at  a  cost  per  pile 
no  greater  than  100  blows  from  the  powder  machine.  These  100  blows,  in 
the  best  working  of  this  machine,  would  only  put  the  pile  down  10  feet, 
leaving  the  last  5^^  feet  to  take  an  equal  number,  if  not  more,  to  move  it 
to  place. 

The  work  done  by  the   "  Gunpowder  j)ile  driver  "  was  as  follows  : 


Length. 

Distance  Driven 

Number  of 
Blows. 

Cartridges  to  each  blow. 

Oct.  1st 

20  ft.  3  in. 
20  ft.  4  in. 

19  ft. 
Uft. 

296 

198 

No  record. 

Oct.  2d 

20  ft.  5  in. 
20  ft.  6  in. 

15  ft. 
15  ft. 

210 
200 

,, 

" 

20  ft. 
20  ft. 

117 

358 

15  ft.  4  in. 

1 

Nov.  13th 

20  ft. 

15  ft. 

189 

No  record. 

20  ft. 

15  ft.  4  in. 

181 

" 

20  ft. 

15  ft.  4  in. 

146 

" 

20  ft. 

15  ft.  4  in. 

195 

" 

20  ft. 

15  ft.  3  in. 

133 

" 

20  ft. 

15  ft.  4  in. 

138 

" 

20  ft. 

15  ft.  4  in. 

213 

'■ 

20  ft. 

15  ft.  4  in. 

207 

" 

Nov.  15tli 

20  ft. 

15  ft.  4  in. 

172 

" 



20  ft. 

15  ft.  4  in. 

240 

1  to  each  blow. 

This  record  of  the  driving  of  each  pile  is  complete,  except  that  the 
number  of  cartridges  used  per  blow  is  not  given  in  every  case.  The 
cost  of  powder  burned,  excluding  freight  and  cartage,  was  $233.89,  an 
average  per  pile  driven  of  $13.76,  if  the  number  (17)  on  which  the 
cartridges  were  expended  is  taken  in  account;  or  of  $14.61,  if  the  number 
(16)  for  which  the  contractor  received  pay  is  taken. 

It  was  noticed  during  the  use  of  this  machine  that,  judging  by  the 
distance  moved,  two  cartridges  did  the  best  work ;  one  was  not  quite  suffi- 
cient, and  three  were  too  many,  the  blow  being  so  hard  that  the  pile  could 
not  move  rapidly  enough,  and  therefore  crij^pled  under  the  band  at  once. 
Long  blows  from  the  common  machine  had  the  same  effect,  w^hile  a  re- 
duction of  the  height  from  which  the  hammer  feU  lessened  the  tendency 
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of  tlie  pile  to  crusli,  and  it  raovecl  down  more  effectually.  Tlie  whole 
number  of  piles  driven  was  2,700,  all  but  16  of  wliicliwere  put  in  place 
by  tlie  common  machine. 

The  piling  was  of  spruce,  20  feet  long,  and  varying  in  size  from  10 
X  10  inches  to  10  x  14  inches  ;  the  piles  were,  by  a  machine,  grooved  on 
each  side  2x2  inches.  On  one  side  a  yellow  pine  strip,  4x2  inches,  was 
placed  in  the  groove  and  pinned  every  3  feet  by  iron  pins  i-inch  in  dia- 
meter and  8  inches  long.  The  piles  at  the  points  were  beveled  on  three 
sides,  leaving  the  grooved  side  untouched.  The  groove  Avas  driven  on  the 
tongue  of  the  preceding  pile;  a  baud  was  found  necessary  for  the  heads 
of  the  piles.  The  smaller  and  thinner,  within  limits,  the  bauds  were  made, 
the  better  they  stood  the  shock  ;  very  heavy  bands  failed  the  soonest. 

The  first  7  piles  were  driven  without  shoeing;  the  eighth  pile  split 
in  the  groove,  and  on  being  pulled  out,  the  appearance  of  the  point 
showed  the  necessity  of  protection.  A  wrought-iron  shoe  was  imj)ractica- 
ble,  on  account  of  cost  and  the  difficulty  of  being  made  with  a  groove. 
Cast-iron  was  decided  upon,  and  cup  shoes  weighing  39  pounds  each, 
having  thi-ee  beveled  and  one  plain  side,  and  with  a  groove,  were  made. 
First,  they  were  provided  with  flat  points;  it  was  then  thought  that  the 
resistance  would  be  lessened  by  making  a  sharp  wedge  on  the  bottom.  A 
tendency  to  cMft  sideways,  in  consequence  of  this  increased  sharpness, 
developed  at  once,  and  no  perceptible  diminution  of  resistance  was 
found  ;  the  piles  drove  very  wildly,  in  hard  ground  it  was  almost  im- 
possible to  keep  them  in  jilace,  and  when  once  started  wrong,  no  way  of 
getting  them  straight  again  was  discovered. 

The  sharp  edge  of  the  groove  cut  the  tongue,  and  the  tendency  of  the 
latter  to  rise  -svith  each  blow  was,  at  first,  difficult  to  overcome.  As  an 
experiment,  the  tongue  was  cut  away  under  the  band,  and  a  packing  put 
in  of  wood,  with  fibres  at  right  angles  to  the  pile.  This  cushion  did  very 
well,  but  was  troublesome  to  make  and  keep  in  place  ;  a  chain  was  then 
put  aroimd  tongue  and  pile,  and  a  long  lever  put  in  for  a  twist;  a  man 
with  a  tail  rope,  exerting  his  force  to  bind  the  tongue  and  j^ile  together 
at  the  moment  of  the  ram  striking,  prevented  the  upward  movement  of 
the  tongue. 

The  depth  to  which  the  pile  would  go  was  uncertain,  and  no  data  being 
at  hand,  the  orders  from  the  first  were  to  drive  as  far  as  possible.  75  piles 
were  driven  in  this  way,  not  stopping  until  the  i)ile  showed  weakness,  or 
gave  out  at  once.  These  depths  below  the  bottom  of  the  reservoir  were 
plotted  to  scale,  and  an  inspection  showed  the  mean  depth  attained  to  be 
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about  15^  feet.  Tliis  plane  was  adopted  for  the  bottom  level.  Since  tliis, 
experience  has  enabled  6  inches  more  depth  to  be  attained,  or  a  depth  of 

16  feet,  which,  we  find,  is  about  the  maximum  jienetration  that  can 
be  attained  in  this  kind  of  material,  and  this  can  only  be  accomplished 
with  the  very  best  dry  spruce,  and  j)erfectly  sound;  green  spruce  "v\all  not 
bear  the  pounding,  and  any  shakes  or  cracks  are  developed  in  a  few 
moments  by  the  impact  of  the  ram. 

Me.  WrLTiiAM  J.  HoLKOYDE*^The  "Gunpowder  pile-driver"  is  a 
quite  simple  machine.  Its  principles  of  operation  and  construction  have 
been  explicitly  described  heretofore,  so  that  they  must  be  familiar  to  the 
members.  Since  the  original  machine  was  built,  improvements  have 
been  introduced  from  time  to  time,  as  exj^erience  suggested  ;  ^\Tought- 
iron,  cast-steel  and  cast-iron,  combined  with  wood,  have  been  substituted 
for  the  old  cast-iron  guides,  securing  increased  rigitlity  and  strength, 
without  additional  weight;  improvements  have  been  made  in  the  style  of 
brake,  and  the  mechanical  arrangement  of  the  whole  has  been  substan- 
tially improved  and  rendered  far  more  effective  than  were  the  cast-iron 
machines  of  a  year  ago.  Each  machine  built  has  embodied  some  real 
advantage  over  its  predecessor;  but  no  deviation  from  the  original  princi- 
ple has  been  attempted,  or  deemed  advisable. 

I  have  had  charge  of  work  done  with  steam  drivers,  as  well  as  A\dth 
the  gunpower  machines,  and  during  the  last  18  months  have  superin- 
tended the  driving  of  several  thousand  iDiles  by  the  latter  method.  Of 
these,  I  refer  to  the  following  : 

1.  For  the  Pennsylvania  R.  R.  Co.  at  Green-nich  Point,  Philadelphia, 
for  a  tramway  to  carry  locomotives  and  freight  cars,  piles  averaged  10 
inches  diameter,  placed  5  and  6  feet  aj)art,  and  were  driven  from  15  to  20 
feet  into  meadow  not  very  hard  ordinarily  ;  but  during  the  most  severe 
weather  of  the  winter  when  the  work  was  done,  the  gi-ound  was 
frozen  solid  to  a  depth  of  2  feet.  The  piles  were  neither  pointed  nor 
banded.  The  surface  of  the  ground  was  rendered  very  uneven  by  ditches 
8  feet  deep  and  20  feet  wide,  and  embankments  9  feet  high  ;  the  moving 
of  the  machine  was  therefore  necessarily  tedious,  and  rapid  working  im- 
l^ossible  ;  cast-iron  and  wooden  g-uides  40  feet  high  were  used;  the  ram 
weighed  900  pounds,  and  the  gun  1,200  pounds — 545  piles  were  di-iven  in 

17  days,  at  a  cost  of  26  cents  each  for  cartridges. 

2.  For  foundation  walls  of  a  government  building  at  League  Island 
Naval  Station,  with  the  same  driver,  piles  12  inches  diameter  at  the  butt. 
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25  feet  long,  driven  their  whole  length  into  hard  gravel  bottom  ;  966 
piles  were  so  driven  in  22  working  days,  the  greatest  number  in  one  day 
having  been  81.  The  average  quantity  of  cartridges  used  cost  32  cents 
per  pile. 

3.  At  Union  Steam  Forge  of  Macpherson,  WOlard  &  Co.,  near  Bor- 
dentown,  N.  J.,  machine  60  feet  high,  cast-steel  guides  and  afloat.  The 
bottom  there  is  acknowledged  to  be  equal  to  the  hardest  within  many 
miles  of  Philadelphia.  In  4^  days,  141  piles  were  driven,  of  an  average 
leng"th  of  30  feet,  into  a  bottom  that  would  have  been  imiiervious  by  the 
old  process. 

4.  For  landing  wharf  at  League  Island  Naval  Station.  Here  the  first 
machine  built  was  used,  although  its  construction  was  so  faiilty  as  to  lead 
to  its  abandonment.  Notwithstanding  the  defects  in  the  mechanical  ar- 
rangement, that  driver,  in  one  day  of  10  hours,  in  the  month  of  March, 
drove  50  piles,  averaging  9  inches  bottom  and  15  inches  top  diameter,  35 
feet  long,  21  feet  into  gi-avel,  with  8  blows,  using  9  ounces  of  cartridges. 
Some  800  piles  were  there  di'iven  with  that  machine,  as  could  not  have 
been  by  the  steam  driver. 

5.  For  pier  for  Philadelphia  &  Reading  E.  R.  Co. ,  above  Port  Rich- 
mond, Philadelphia.  In  14  days,  557  piles,  averaging  10  inches  middle 
diameter,  30  to  35  feet  long,  were  driven  from  12  to  16  feet  into  sand  and 
gravel. 

6.  I  have  now*  in  charge  the  driving  of  about  300  piles  for  tramways 
leading  to  the  exterior  batteries  at  Fort  Mifflin,  near  Philadelphia,  for 
the  United  States  Government.  The  material  is  hard  sand,  of  a  character 
always  trying  to  machines. 

In  conclusion,  I  have  no  hesitation  in  expressing  my  unqualified 
satisfaction  with  the  "  Gunpowder  pile-driver,"  as  a  contrivance  for  the 
economical,  rai^id  and  thoroughly  successful  driving  of  piles,  -without 
pointing  or  ringing,  and  always  without  injury  in  the  way  of  crushing  or 
spHtting;  hence  their  full  bearing  capacity  is  invariably  secured  and  loss- 
of  timber  certainly  avoided.  That  the  gunpowder  process  will,  ere  long, 
effectually  supj)lant  all  its  predecessors,  seems  to  me  inevitable,  and  as  an 
Engineer,  I  take  pleasure  in  working  so  admirable  a  machine  in  its 
infancy. 

Mb.  Chaeles  MACDONAiiCf — It  is  to  be  regretted  that  the  element  of 
cost  has  not  been  considered  more  fully  in  the  description  of  this  method 
of  pile  driving  by  the  use  of  giinpowder.     The  mere  driving  a  pile  after 

*  April,  1873.  t  At  the  meeting  December  17th,  1873. 
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it  is  placed  iu  position  iu  the  leaders  is  frequently  but  a  small  item  of  the 
■R-liole  cost.  It  must  be  lifted  from  its  bed  alongside  the  di'iver,  and  con- 
veniently suspended  from  the  top  of  the  leaders,  while  the  lower  ex- 
tremity is  i^laced  in  its  proper  position  for  driving  ;  this  can  only  be 
effected  •with  economy,  by  the  use  of  a  steam-engine,  which,  with  its  at- 
tendance and  fuel,  is  a  source  of  constant  expense;  an  important  ques- 
tion is  therefore,  whether  the  time  saved  in  driving  piles  by  this  method 
comjiensates  for  the  extra  cost  of  the  powder,  over  and  above  that  of  the 
fuel  which  would  have  been  consumed  in  performing  the  same  work. 

In  the  case  at  Greenwich  Point,  we  find  that  an  average  of  32  piles 
per  day  were  driven,  at  a  cost  for  powder  of  $8.32.  While  at  League 
Island  an  average  of  44  i^iles  i)er  day  were  driven,  at  a  cost  for  powder 
of  814.08.  In  the  other  cases  mentioned,  the  cost  is  not  given,  but  from 
this  sho^dng  it  will  scarcely  be  asserted  that  the  gunpowder  pile-driver 
has  developed  any  economic  merit;  judging  from  past  experience,  I  have 
no  doubt  an  average  of  40  jiiles  jser  day  could  have  been  di-iven,  with  a 
good  steam  machine,  in  either  of  the  above  cases,  at  a  cost  for  fuel  not 
to  exceed  that  of  half  a  ton  of  anthracite  coal,  which  would  represent  a 
saving  of  about  $7.  I  have  never  yet  come  in  contact  with  circumstances 
under  which  such  a  marked  difference  in  cost  could  have  been  comjien- 
sated  by  the  use  of  the  gunpowder  machine. 

Pkof.  De  Volsox  Wood.  * — We  have  thus  presented  the  extremes  in 
the  practical  residts  of  "gunpowder  pile-driving."  Were  Mr.  Pro- 
basco's  iJajjer  only  considered,  gi'eat  injury  might  result  to  a  novel  inven- 
tion. It  is  e\'ident  that  his  machine  was  defective,  or  else  it  Avas  imjirop- 
erly  used,  and  the  merits  of  a  new  invention  should  not  be  judged  under 
such  circumstances  alone.  A  much  fairer  way  is  to  compare  the  effi- 
ciency of  a  new  machine,  which  works  successfully,  with  the  older  ones. 
Mr.  Holroyde  was  satisfied  wdth  the  working  of  his  machine,  and  yet  the 
cost  of  driving  piles  with  it  appears  to  exceed  that  with  the  ordinary 
pile-driver.  I  believe,  however,  that  it  has  merits  which  wiU  make  it 
■especially  serviceable  in  many  cases. 

*  At  the  same  meeting. 
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I.XXXI. 


PNEUMATIC  FOUNDATIONS. 

A  Paper  by  Gen.  William  Sooy  Smith,  Member  of  the  Society, 

Kead  Febkuaky  19th,  1873. 


Up  to  1859,  but  two  bridges  had  been  bnilt  in  the  United  States  on 
j)nenmatic  pile  foundations,  one  in  185.5,  over  the  Great  Pedee  river, 
where  it  is  crossed  by  what  is  now  known  as  the  Wilmington,  Columbia 
&  Augusta  R.  E. ,  and  the  other  in  1857,  over  the  Santee  river  where  it 
is  crossed  by  the  North-Eastern  E.  R. 

The  air-lock  used  in  sinking  the  piles  constituting  the  piers  of  these 
two  bridges,  was  the  invention  of  Alexander  Holstrom,  and  consisted  of 
a  cast-iron  cylinder  6  feet  in  diameter  (outside),  4  feet  high  and  closed  at 
top  and  bottom  by  cast-iron  plates  strengthened  by  flanges.  Through 
these  plates  were  circular  openings  (man-holes)  20  inches  in  diameter, 
closed  by  valves,  both  opening  downward.  A  windlass  was  pro'S'ided  for 
raising  the  material  to  be  excavated  from  within,  all  of  which  was  re- 
moved by  hand  ;  2  goose-neck  i3ij)es  passed  through  the  sides  of  this 
air-lock  and  do-wn  throiigh  the  bottom.  Through  one  of  them,  air  was 
carried  from  the  air-pumps  into  the  cylinder,  and  through  the  other 
water  was  discharged,  when  the  materials  through  which  the  cylinder 
was  sinking  was  so  impervious  as  to  prevent  the  escape  of  the  water 
under  the  bottom  from  the  pressure  of  the  air  forced  in.  Light  was 
admitted  into  the  air-lock  through  2  bulls-eyes  of  glass,  1  inch  thick 
and  6  inches  in  diameter,  and  into  the  cylinder  by  2  similar  bulls-eyes, 
set  in  the  bottom  of  the  air-lock.  The  air  pumps  (of  which  there  were 
4  set  in  a  single  frame)  were  of  such  excellent  constrixction,  that  after 
having  been  used  for  putting  in  the  pier  above-mentioned,  they  were 
again  used  in  putting  dowTi  the  pneumatic  pile  piers  of  the  Harlem 
bridge;  and  later  still  they  did  duty  on  the  piers  of  the  bridge  over 
the  Missouri  river,  at  Leavenworth,  Kansas.  They  are  now  being  over- 
hauled to  be  used  in  the  construction  of  pneumatic  pile  piers  for  a  bridge 
over  the  Arkansas  river,  at  Little  Rock. 

In  the  fall  of  1859,  I  began  the  construction  of  i)neumatic  jjile  piers 
for  a  bridge  over  the  Savannah  river,  on  the  line  of  the  Charleston  & 
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Savannah  K.  K.  The  air-lock  with  which  I  coninieuced  the  work  was  iipou 
the  Holstrom  plan;  but  it  was  6  instead  of  4  feet  high,  and  the  cylindrical 
jiortion  was,  for  the  sake  of  lightness,  of  boiler  plate  instead  of  cast- 
iron.  Its  diameter  was  the  same  as  that  of  the  cylinders  to  be  sunk,  ■s'iz. , 
€  feet  (outside).  I  early  discovered  the  following  defects  in  my  air-lock. 
1st.  The  only  natural  light  we  could  get  into  the  cyHnder  had  to  pass 
through  the  bulls-eyes  at  the  top  of  the  air-lock,  and  then  down  through 
those  in  its  bottom.  As  the  latter  were  necessarily  covered  with  dirt  most 
of  the  time,  the  quantity  of  light  thus  admitted  into  the  cylinder  was  so 
small  as  to  be  of  no  practical  value.  2d.  The  storage  capacity  of  the  air- 
lock was  so  small  that  work  in  the  cyUnder  was  constantly  interrupted, 
while  materials  were  discharged  from  the  chambers. 

To  ob-siate  both  of  these  defects  I  designed  an  air-lock  with  an  in- 
-clined  discharge-pipe  or  trap,  through  Avhich  materials  were  discharged  as 
fast  as  they  were  broiight  up  from  the  bottom.  The  construction  of  this 
lock  is  sketched  in  Fig.  1.  A  pipe  was  let  through  the  side  of  the 
air-lock,  at  such  an  angle  that  all  solid  materials  excavated  would,  by 
their  own  gravity,  slide  through  it  readily.  It  was  closed  on  the  inside 
by  a  hinged  valve  ;  the  outer  end  was  finished  as  shown  at  J,  the  lower 
semicircle  of  the  base  being  hung  upon  a  centre-pin,  which  was  turned  by 
a  lever,  when  we  wished  to  discharge  the  contents  of  the  pipe.  This 
threw  the  lower  semicircle  up  behind  the  upper  one,  and  left  an  opening 
through  which  the  solid  materials  escaped.  There  Avas  a  small  cock  set 
outside,  and  one  inside,  as  shown  at  a  and  b. 

The  operation  of  this  subsidiary  air-lock  or  trap  was  as  follows: 
The  outer  end  of  the  trap  and  outside  cock  being  closed,  and  the  inside 
open,  the  trap  was  filled.  The  inside  valve  and  cock  were  then  closed, 
and  a  signal  stiaick  on  the  inside  of  the  air-lock;  at  this  signal  a  man  on 
the  outside  opened  the  outside  cock,  and  the  small  quantity  of  compressed 
air  contained  in  the  trap  escaped  almost  instantly.  The  lever  was  then 
given  a  half  turn,  and  the  contents  of  the  trap  escaped.  Another  half 
turn  of  the  lever  closed  the  trap  on  the  outside;  the  outside  cock  was 
closed  and  a  signal  was  struck  from  the  outside.  The  cock  through  the 
inner  valve  was  then  opened — the  trap  filled  ^rith  compressed  air — the  in- 
ner valve  reUeved  of  pressure  was  then  opened,  and  the  trap  was  ready 
for  another  charge.* 

As  we  could  get  rid  of  the  materials  as  fast  as  they  were  brought  up, 

*In  my  later  air-locks  I  use  2  traps  for  discharging,  and  a  small  engine  for  operating  the 
vrindlass. 
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no  storage  room  was  required,  and  lience  the  diameter  of  the  air-lock 
could  be  reduced,  so  as  to  leave  an  offset  at  the  bottom  of  the  air-lock 
throiigh  which  light  was  admitted  by  6  bull's-eyes  of  the  iisnal  size. 
This  enabled  us  during  the  day  to  dispense  with  candles  and  lamps, 
which  burned  dimly  and  with  a  suffocating  smoke  in  the  condensed  air. 
At  night,  light  could  be  reflected  into  the  cylinders,  through  the  bull's- 
eyes,  and  so  the  cylinders  could  be  lighted  day  and  night  without  the  use 
of  lamps  or  candles  inside.  Our  work  could  be  pushed  -nithout  the  in- 
terruptions that  were  so  frequent  while  we  used  the  Holstrom  air-lock. 
The  ratio  of  time  required  to  do  the  same  amount  of  work,  -with  the  old 
and  new  air-locks,  proved  to  be  as  14  to  5. 

We  had  ahvays  used  a  pipe  for  discharging  the  water  from  the  inside 
of  our  cyhnders.  One  day  I  noticed  that  when  this  pipe  reached  the 
.sand,  where  the  water  had  all  been  discharged,  a  puff  of  sand  followed. 
This  was  the  falling  apple.  I  at  once  procured  a  piece  of  flexible  rubber 
hose,  made  upon  skeleton  rings,  and  fitted  it  to  the  bottom  of  the  dis- 
charge-pipe; then,  when  we  had  discharged  the  water  from  the  cylinder, 
we  thrust  the  end  of  this  rubber  hose  into  the  sand  and  allowed  a  current 
of  compressed  air  to  raise  the  sand  through  the  pipe,  and  discharge  it  on 
the  outside.  This  worked  like  a  charm.  The  ratio,  which  before  was  as 
14  to  5,  became  as  28  to  1.  Instead  of  a  piece  of  rubber  hose  at  the 
bottom  of  the  discharge-pipe  I  have  used  a  telescopic  section  of  iron 
pipe,  shown  in  Fig.  2,  with  stiU  better  results;  the  friction  on  the  inside 
of  an  iron  pipe  being  less  than  that  in  a  rubber  one  ;  and  there  is  an 
advantage  in  reducing  the  discharge-pipe  at  the  lower  end,  which  is  done 
by  slipping  the  telescopic  section  inside  of  the  discharge-pipe.  I  put  a 
plaited  hemp  gasket  l^etween  them,  by  making  the  gasket  so  much  larger 
than  the  opening  between  the  pipes  that  it  cannot  blow  through.  With 
this  arrangement,  and  a  gang  of  but  7  men,  I  have  excavated  6  cubic 
yards  per  hour,  for  several  hoiirs  in  succession.  Two-thirds  of  a  cubic 
yard  per  day,  per  man,  is  about  the  rate  of  excavation  by  hand,  or  with- 
out a  sand-pipe. 

The  war  interrupted  the  work  on  the  Savannah  river  bridge  before 
completion.  It  also  prevented  further  consideration  of  a  plan  for  the 
construction  of  a  light-house  on  Frying  Pan  shoals,  or  a  similar  situa- 
tion on  our  coast,  which,  in  1860,  I  brought  to  the  notice  of  the  U.  S. 
Light-house  Board.  This  plan  embraced  the  construction  of  a  caisson, 
of  large  size — say  from  30  to  50  feet  in  diameter — which  I  proposed  to 
sink  by  my  improved  method  to  any  required  depth  less  than  100  feet. 
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Inside  of  tliis,  I  proiDosed  to  biiiki  a  fouudation  of  masonry,  consisting 
of  large  stones  joggled  or  dovetailed,  like  those  laid  in  the  Eddy  Stone 
Light-house.  Soon  after  the  close  of  the  war,  I  again  submitted  this  plan 
to  the  Light-house  Board,  General  O.  M.  Poe  being  the  Engineer  Secre- 
tary, and  I  was  requested  to  adapt  it  to  the  repaii'ing  of  the  Waugoshance 
Light-house,  for  which  an  appropriation  had  been  made. 

This  light  stands  at  the  western  entrance  to  the  straits  of  Mackinac, 
upon  a  rocky  reef  2^  miles  from  shore.  The  tower  is  of  brick,  20  feet  in 
diameter,  and  84  feet  in  height  from  the  water  surface  to  focal  plane.  It 
stands  ujion  a  foundation  24  feet  square,  which  consists  of  a  crib  filled 
mth  concrete  and  nibble  masonry.  This  crib  is  surrounded  by  others, 
which,  mth  it,  were  all  framed  into  one  pier  100  feet  square,  and  fitted 
to  the  bottom,  according  to  accurate  soundings  pre\iously  taken.  The 
surrounding  cribs  were  filled  -wdth  loose  stone.  During  hea\'y  south- 
western gales,  the  pier  was  exposed  to  the  action  of  as  heavy  seas  as  are 
to  be  found  anywhere  ui^on  the  northern  lakes — the  spray  frequently 
going  entirely  over  the  tower. 

The  work  was  first  con.structed  in  1848.  The  timber  above  water  had 
partially  decayed,  and  the  heavy  seas,  and  still  more  hurtful  ice  action, 
were  injuring  the  work  seriously,  and  threatening  its  complete  destruc- 
tion. Under  these  circumstances,  it  became  necessary  to  throw  a  protect- 
ing wall  around  the  tower,  of  sufficient  strength  to  resist  the  action  of 
seas  and  ice.  To  do  this  I  designed  an  iron  pneumatic  coffer-dam  of  the 
form  sketched  in  Fig.  4,  which  was  built  up  in  place,  in  a  chamber  cut 
down  to  the  water  surface  through  the  old  crib.  The  size  of  the  old  crib 
work  was  such,  that  a  sufficient  temporary  protection  was  afforded  to  the 
work,  while  in  progress,  by  the  ijortiou  of  the  piece  left  intact  outside  of 
the  chamber  cut,  to  receive  the  dam.  Two  air-locks  (one  shown),  -with 
rectangular  traps  set  through  their  ends,  were  provided  ;  these  traps  had 
valves  and  cocks  inside  and  out,  the  inside  valve  opening  outward  from 
the  trap,  and  outside  valve  opening  inward.  Through  these  traps  all  the 
materials  excavated,  and  the  hands  employed,  were  readily  passed.  The 
materials  were  raised  by  windlasses,  ojierated  by  small  hoisting  engines, 
bolted  to  the  outside  of  the  air-locks. 

Heavy  beams  were  i^laced  across  the  deck  of  the  dam,  resting  upon 
blocking  between  the  dam  and  tower  and  outside  the  dam  on  the  crib- 
work.  From  these  beams  the  dam  was  suspended  by  chains  attached  to 
hooks,  taking  hold  under  the  bottom  edges  of  the  dam  inside  and  out- 
side.    The  dam  was  then  hea\-ily  loaded  with  stone,  the  load  being  in- 
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creased  as  it  descended,  so  thiat  the  weight  of  the  dam  and  its  load  was 
constantly  kept  slightly  in  excess  of  the  weight  of  water  displaced  by  the 
dam  and  its  compressed  air  filling,  the  excess  being  hekl  by  the  suspen- 
sion chains. 

When  all  these  ijreparations  had  been  made,  the  work  of  sinking  com- 
menced. Throughout  the  first  6  feet  below  the  water  surface,  the 
timber  walls  of  the  cribs  had  to  be  cut  away  and  removed.  These 
walls  consisted  of  12  x  12  inch  pine  timber,  built  up  solid  and  fastened 
very  strongly  with  round  di'ift-bolts  of  an  excellent  quality  of  iron,  one 
inch  in  diameter.  These  were  rusted  in,  and  the  heads  were  frequently 
pulled  off  by  the  powerful  claw-bars  used,  before  they  could  be  started, 
in  which  case  they  had  to  be  cut  or  sawed  out.  The  work  of  cutting 
through  this  crib  work  was  very  tedious,  and  about  6  weeks  were  con- 
sumed in  accompHsliing  it. 

We  then  came  upon  the  bed  of  boulders  forming  the  reef.  These 
were  of  various  sizes,  from  that  of  a  hen's  egg  to  10  tons  weight,  and 
some  of  the  largest  lay  under  the  edges  of  the  dam,  in  aU  sorts  of  shapes 
and  positions.  Whenever  we  could  readily  get  at  them,  we  split  them 
with  i^lugs  and  feathers.  In  other  cases  we  undermined  and  drew  them 
into  the  dam,  and  then  spHt  them.  xlfter  going  do^ai  into  this  boulder 
formation  about  3  feet,  some  large  stones  rolled  in  against  the  dam  in 
wedging  positions,  preventing  it  from  sinking  further.  We  then  partly 
unloaded  the  dam,  and  permitted  it  to  rise.  The  troublesome  stones 
roUed  in  and  were  split  up,  and  thus  gotten  rid  of.  This  occurred  twice 
afterward,  and  the  difficulty  was  treated  and  overcome  as.  in  the  first 
instance. 

We  finally  succeeded  in  sinking  the  dam  to  a  depth  of  12^  feet  below 
the  water  surface  and  6  feet  below  the  foundation  of  the  tower;  at  this 
depth  we  expected  to  find  bed-rock,  as  it  occurred  along  the  contour  of 
the  reef  of  boulders,  at  that  depth  in  a  line  nearly  surrounding  the  Light, 
and  at  a  distance  of  from  200  to  500  feet  from  it.  But  there  seemed  to  be 
a  depression  in  the  surface  of  the  bed-rock  just  where  the  Light  was  situ- 
ated, and  we  were  disaxjpointed  in  reaching  rock  in  place  at  the  depth  we 
expected. 

The  boulders  gi'ew  less  and  less  in  size  as  we  descended,*  and  at  the 
depth  reached  they  were  adjusted  to  each  other  most  perfectly,  after  the 
manner  of  a  cobble-stone  pavement.      As  the  portion  of  the  crib  work 

*  Can  anv  member  account  for  this. 
18 
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outside  the  dam  was  to  remain,  aud  as  it  will  never  decay  under  water,  it 
constitutes  an  excellent  i^rotection  from  any  undermining  action  of  the 
waves,  even  if  we  could  imagine  that  any  disturbance  of  the  reef  would 
ever  take  place  at  a  depth  6  feet  below  its  general  level.  No  such  digging- 
action  of  the  sea  had  been  observed  to  undermine  the  old  cribs  that  had 
stood  there  for  20  years. 

It  was  therefore  determined  to  go  no  deeper.  The  work  of  sealing  the 
coflfer-dam  at  the  bottom  Avas  next  commenced.  Louis\^lle  cement  of  the 
quickest  setting  kind — chy — was  spread  evenly  on  the  bottom,  to  a  depth 
of  6  inches.  The  air  pressure  was  then  alloAved  to  run  down  until  the 
water  entered  and  covered  the  cement ;  several  holes,  say  2  feet  in  dia- 
meter each,  being  left  to  permit  the  expulsion  of  the  water  after  this 
layer  of  pure  cement  had  set.  When  this  had  taken  x^lace — under  the 
water  and  not  in  the  compressed  air — the  water  was  forced  out  by  air 
pressure,  and  another  layer  of  cement  6  inches  thick  was  added  and 
treated  as  before.  I  believed  that  this  floor  one  foot  in  thickness  would 
be  sufficient  to  resist  the  pressure  of  the  water  12^  feet  in  depth  on  the 
outside ;  after  the  water  had  covered  the  surface  4  days,  it  was  again 
forced  out  until  even  with  the  top  surface  of  the  cement  floor.  The  holes 
previously  left  were  then  closed  with  cement  and  it  allowed  to  set. 

When  the  bottom  was  thus  comj)letely  sealed,  the  air  pressure  within 
the  dam  was  allowed  to  escape  slowly  ;  long  before  it  had  ceased  to  act  in 
aid  of  the  bottom,  the  latter  failed.  I  regret  that  I  did  not  note  the 
reading  of  the  pressure  gauge  at  the  moment  of  failure,  from  which 
the  strength  of  the  cement  bottom  could  have  been  accurately  calculated. 
As  the  stones  were  contracted  for  and  partly  cut  for  a  given  height  of 
wall,  and  as  it  was  desirable  to  carry  the  masonry  itself  to  as  great  a  dej)th 
as  possible,  I  determined  not  to  add  further  to  the  thickness  of  the  cement 
Ijottom.  One  of  the  cajj  plates  of  the  dam  was  removed,  and  converted 
into  a  valve,  through  which  the  stones  for  the  sea-wall  were  lowered,  3  or  4 
in  succession,  when  the  valve  was  closed  and  these  stones  laid.  After  3 
courses,  2  feet  thick  each,  were  laid  in  this  way,  it  was  found  that  the  bot- 
tom was  sealed  so  that  the  water  no  longer  entered.  The  cap  sheets  were 
then  removed,  and  the  remainder  of  the  waU  was  laid  up  in  the  ojien  air. 
The  coffer  dam,  which  might  have  been  removed  for  use  elsewhere, 
was  left  in  place,  to  give  additional  strength  to  the  wall. 

Each  stone  was  secured  in  place  by  an  iron  dowell,  2h  inches  in  dia- 
meter.    A  hole  1  inch  in  diameter  and  3  inches  deep  was  drilled  in  each 
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end  of  the  dowell,  -winch  was  cross-sawed.  When  in  phice  the  dowell 
was  expanded  by  a  tapering  pin  driven  firmly  into  the  hole,  and  thns 
the  stones  were  fastened  together  so  that  they  conld  not  be  removed 
without  splitting  them  or  breaking  the  dowell.  When  the  wall  was  built 
up  in  this  way,  the  space  between  it  and  the  tower  was  filled  with  con- 
crete, and  covered  ■with  the  flagging  and  coping  course,  as  shown  in 
Figures  3  and  4. 

Work  could  only  be  caiTied  on  during  the  6  months — from  May  1st 
to  November  1st — and  in  this  period  it  was  frequently  interrupted  by 
the  seas,  which  broke  over  the  site  during  the  prevalence  of  storms. 
The  force  employed  averaged  40  men.  During  the  first  season  the 
chamber  to  receive  the  dam  was  excavated,  the  machinery  put  in  i^lace, 
and  the  dam  built  and  sunk  4  feet.  During  the  second  season,  the  dam 
was  sunk  to  the  required  depth  and  7  courses  of  stone  laid  up,  and  the 
work  was  entirely  finished  the  third  season.  The  total  cost,  including  a 
new  dwelling  for  the  light-keeper,  was  less  than  $200,000.  I  have  gone 
thus  into  details,  as  it  is  the  first  instance,  in  this  country,  of  the  sinking 
of  a  i^neumatic  coffer-dam  or  caisson,  and  was  otherwise  characterized 
by  many  new  features.* 

From  the  Waugoshance  Light-house  I  went,  in  18G9,  to  Omaha,  to 
sink  the  pneumatic  pile  piers  for  a  bridge  over  the  Missouri  river  at  that 
point.  These  were  the  first  pneumatic  j)iles  ever  sunk  in  this  river,  and, 
indeed,  the  first  west  of  the  Alleghany  mountains.  They  were  to  be  i^ut 
down  to  a  greater  depth  than,  up  to  that  time,  had  ever  been  reached  by 
this  process  anywhere,  namely,  82  feet  below  the  water  surface,  mostly 
through  finely  comminuted  silt,  interstratified  with  thia  deposits  of 
coarse  sharj)  sand,  and  layers  of  tough  blue  clay  ;  the  latter  not  exceed- 
ing 2  feet  in  thickness.  Next  to  the  bed-rock  there  was  a  stratum  of 
gravel,  consisting  of  well-rounded  pebbles,  from  Ij  to  2  feet  in  thickness. 
These  materials  presented  the  most  difficult  features  met  with  in  sinking 
l^ueumatic  piles. 

The  tendency  to  lurching  out  of  a  vertical  j)Osition  was  such  that  I 
found  it  impossible  to  prevent  it  in  aU  cases.  The  first  cylinder  sunk 
went  down  to  the  bed-rock  in  a  vertical  position,  all  right ;  the  second 
sank  vertically  27  feet,  then  took  an  inclination  which  we  were  unable 
to   correct   by    all   known   means  we   could   emjAoj   while   sinking   it 


*  I  presume  also  that  members  of  the  Society  will  generally  agree  with  me  that  the  best  part 
of  the  description  of  works  is  that  which  gives  details. 
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through  the  next  20  feet.  It  may  be  of  interest  to  the  profession  to 
leai'n  the  nature  of  the  methods  adopted  to  correct  this  inclination  ;  for 
although  they  failed  in  this  particular  instance,  I  have,  in  many  other 
cases,  succeeded  with  them  perfectly,  even  after  a  pile  had  sunk  to 
a  depth  of  from  -40  to  50  feet.  We  first  excavated  the  sand  to  the  bottom 
of  the  cylinder,  jilaced  hea%'y  wooden  wedges  under  its  edges  on  the 
deepest  side,  and  then  suddenly  reheved  it  from  upward  pressure  by  per- 
mitting the  compressed  air  to  escape.  I  rely  upon  this  method  of 
straightening  a  cylinder  with  more  confidence  than  ux^on  any  other  ;  but 
in  this  instance  it  failed.  The  influx  of  silt  was  so  gi-eat  that  the  wedges 
were  brought  in  with  it,  and  so  oft'ered  no  extra  resistance  to  the  sink- 
ing on  the  lower  side.  We  then  added  a  section  of  our  cylinder,  10  feet 
in  length,  thus  making  the  i)ile  16  feet  above  the  surface  of  the  surround- 
ing eaiih.  A  strong  frame,  of  12-inch  square  yellow  pine  timbers,  was 
then  placed  around  the  cylinder,  at  the  surface,  and  carried  out  to  such  a 
distance  that  it  could  be  secured  to  the  earth  at  points  beyond  any  dis- 
turbance from  sinking  around  the  pile  ;  this  afforded  a  f iilcnim.  With 
blocks  and  falls  attached  to  the  top  of  the  aii'-lock,  which  was  22  feet 
above  the  surface  (tlie  air-lock  being  6  feet  long),  we  put  as  heavy  a  puU 
as  we  could  upon  the  pile,  without  danger  of  breaking.  The  sand  was 
then  excavated  to  the  bottom  ;  a  beam,  in  the  form  of  a  segment  of  a 
circle,  was  then  inserted  under  the  lower  edge  of  the  cylinder,  the  aii- 
was  allowed  to  escaj^e,  and  the  pile  descended.  The  timbers  of  the 
fulcnim,  9  feet  between  bearings,  were  broken,  but  the  inclination  was 
unchanged.  A  pine  strat,  8  inches  sqiiare  and  11  feet  long,  was  then 
set  at  a  sHght  angle,  with  its  foot  abutting  against  the  cylinder  already 
sunk,  and  toward  which  the  one  in  hand  leaned.  With  this  we  also  failed. 
The  cyHnder  finally  broke  off'  27  feet  below  the  surface,  where  there  was 
half  way  around  it  a  "  cold  shut  "  in  the  metal. 

The  upper  piece  of  the  broken  cylinder  we  had  then  to  lift  out. 
When  we  commenced,  there  was  15  feet  of  sand  on  the  inside.  I 
thought  we  could  raise  it  easily  with  the  air-pressure  we  could  force  in  ; 
but,  up  to  a  pressure  of  45  pounds  to  the  square  inch,  the  cylinder  was 
not  started.  I  feared  to  use  more,  lest  the  bolts  that  secured  the  air- 
lock to  the  cyKnder  should  break.  The  sand  was  then  excavated  from 
within,  and  the  cylinder  lifted  with  a  pressiu-e  of  27  pounds  to  the 
aquare  inch.  This  gave  me  the  best  measurement  of  the  friction,  on  an 
iron  cyhnder  sunk  into  the  earth,  that  I  have  ever  been  able  to  obtain. 
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Tlie  iiiside  area  of  the  air-lock  ^vas  7,700  square  inches,  its  weight  14,000 

poiiiids,   and  that  of  the  cylinder  48,600  pounds,   whence  the  upward 

jjressure,  in  jiounils,  was 

(7,700  X  45)  —  (14,000  +  48,600)  =  346,500  —  62,600  =  283,900. 

Before   the   sand  was   removed   from   the   interior,  there  were  160,000 

square  inches  exposed  to  earth  j^ressure,  whence  the  friction,  in  pounds, 

283  900 
per  square  inch,  was  greater  than         '"-  =1.77.       How  much  more 
^  ^  '  &  160,000 

than  this  it  was  couhl  not  be  ascertained,  as  the  friction,  in  this  instance, 
was  not  overcome.  After  excavating  from  the  interior,  the  surface  ex- 
posed to  earth  pressure  was  103,824  square  inches,  and  the  pile  was. 
removed  by  an  upward  pressure,  in  pounds,  of 

(7,700  X  27)  —  62,600  =  145,300, 

whence  the  friction,  in  iiounds,  per  square  inch,  was  about ' =  1.39 

^  103,824 

The  friction  per  square  inch,  overcome,  when  the  pile  was  removed,  was 

less  than  it  would  have  been  before  the  excavation  was  done,  as  during 

the  removal  of  the  15  feet  of  sand  from  within  the  cylinder,  the  materials 

outside  were  disturbed. 

Of  course  the  friction  per  square  inch  will  increase  with  the  depth  in 
a  semi-fluid  mass,  such  as  the  cylinder  in  question  was  sinking  through. 
The  law  of  such  increase,  however,  is  not  definitely  known.  The 
foregoing  determination  of  the  friction,  derived  from  a  single  measure- 
ment, obtained  under  peculiar  circumstances,  and  such  as  do  not 
exist  when  a  pile  is  called  upon  to  act  as  a  supporting  column,  with 
nothing  but  friction  to  sustain  it,  can  only  be  taken  as  a  guide  in  esti- 
mating what  that  friction  really  is.  A  very  important  subject  of  inquiry 
is  what  resistance  friction  alone  makes  to  the  sinking  of  an  iron  cyhnder 
of  a  given  size,  in  sand,  to  a  given  depth.  Where  no  bed-rock  can  be 
reached,  as  at  points  on  the  lower  Mississippi  river,  and  in  the  neighbor- 
hood of  the  Gulf  coast,  it  may  become  necessary  to  build  piers  consist- 
ing of  piles  or  caissons  resting  wholly  in  and  on  sand.  In  some  instances 
piles  have  been  sunk  by  hydi-aulic  pressure,  so  applied  as  to  force  them 
down  "without  allowing  the  compressed  air  to  escape.  The  resistance 
overcome, in  these  cases  would  give  some  idea,  though  not  an  accurate 
one  perhaps,  of  the  friction  developed. 

We  put  down  the  next  2  cylinders  without  any  extraordinary  diffi- 
culty, one  of  them  at  the  rate  of  10  feet  per  day.     To  cause  the  cylinders 
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to  sink,  it  was  necessary  to  load  tliem  ;  this  we  did  by  building  frames, 
upon  the  inside  flanges,  at  each  joint,  and  fiUing  the  cylinder  with  stones, 
except  at  the  centre,  where  a  well,  3  feet  square,  was  left,  which  was 
lined  with  2-iuch  islank,  spiked  to  frames  made  of  2  x  l-inch  scantling. 
Through  it  the  men  passed  to  the  bottom,  and  the  materials  excavated 
from  within  were  raised  by  the  air-lift  already  described.  It  was  found 
that  the  cylinders  could  not  be  loaded  with  stone  sufficient  to  make  them 
follow  the  excavation  as  it  proceeded  ;  therefore  to  make  them  descend 
a  portion  of  the  compressed  air  was  allowed  to  escape  suddenly.  The 
lower  section  of  each  cylinder  was  closed  at  the  tojj  with  a  cast-iron 
diaphragm,  made  in  4  flanged  sections,  and  bolted  together ;  through 
it  there  was  a  man-hole,  20  inches  in  diameter,  closed  by  a  valve  opening 
upward.  When  the  sand  was  excavated  to  the  bottom  of  the  cylinder, 
the  workmen  came  up  from  the  lower  section,  the  valve  was  closed  tight, 
a  portion  of  the  compressed  air  was  allowed  to  escape,  and  the  pile  sank 
from  2  to  4  feet  each  time  ;  then  the  pressure  was  restored,  the  valve 
opened,  and  the  woi'k  of  excavating  resumed.  Thus  no  more  sand  could 
at  any  time  enter  at  the  bottom  than  would  flU  the  lower  section.  The 
outside  materials  were  less  disturbed  than  before,  and  the  cylinder  more 
readily  kept  in  a  vertical  position. 

At  this  stage  of  the  work  I  left  it,  to  commence  the  Leavenworth, 
bridge,  which  was  to  be  built  upon  a  similar  plan.  Mr.  Theophilus  E. 
Sickles  took  charge  of  and  comi:)leted  the  Omaha  bridge  ;  I  have  learned 
that  he  employed  levers  for  forcing  the  cylinders  doAvn,  and  that  he  suc- 
ceeded well  in  rectifying  any  inclination  which  they  took,  by  drilling- 
through  them  at  different  points  on  the  higher  side,  and  thus  allowing 
currents  of  compressed  air  to  escajje,  which  by  disturbing  the  outside 
materials  decreased  the  pressure  on  that  side,  so  that  the  cylinders 
righted. 

The  operations  at  Leavenworth  were  characterized  by  difficulties  simi- 
lar to  those  experienced  at  Omaha,  though  here  we  had  to  go  to  a  less 
dej)th,  and  had  our  former  experience  to  aid  us. 

The  Leavenworth  bridge  was  completed  within  2  years  from  the  time 
of  its  commencement.  It  consists  of  3  spans,  each  340  feet  long,  resting 
upon  a  stone  abutment  on  the  west  bank,  and  3  pneumatic  pile  piers — 
2  in  the  river  and  1  on  the  east  bank — the  approach  to  the  bridge  at  this 
-end  being  by  a  trestle. 

The  following  conclusions  result  from  my  study  and  observation  on 
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this  .siibjeet  during  an  experience  of  14  years  in  sinking  pneumatic  foun- 
dations : 

First. — The  greatest  difficulty  encountered  in  sinking  pneumatic  piles 
is  to  overcome  their  tendency  to  take  an  inclined  position  while  sinking, 
and  to  correct  this  inclination  after  it  occurs. 

Second. — The  best  way  to  resist  this  tendency  is  to  force  the  pile 
dow.n  without  letting  off  the  pressure,  so  that  it  wiU  follow  the  excavation 
at  the  bottom. 

Third.  — Wedging  under  the  bottom  of  the  pile  and  lifting  its  top  on 
the  lower  inclined  side,  to  which  may  be  added  the  air-jets  used  by  Mr. 
Sickles,  are  to  be  regarded  as  the  most  effectual  means  yet  tried  for  cor- 
recting inclinations. 

Fourth. — The  air-lift  is  by  far  the  cheapest,  most  rapid  and  best 
method  of  excavating  sand  or  mud,  from  within  a  pneiimatic  pile  or 
caisson. 

Fifth. — -A  very  strong  and  perfectly  reliable  pier  can  be  built  of  pneu- 
matic piles  of  proper  diameter  and  thickness  of  metal;  to  be  determined, 
as  well  as  their  number  and  relative  positions,  by  the  circumstances  of 
the  case. 

Sixth. — The  i^ermanence  of  a  pneumatic  pile  pier  may  be  greatly  en- 
dangered by  liability  to  fracture  by  frost.  This,  of  course,  is  to  be  ap- 
prehended only  in  cold  climates;  I  recommend  as  a  preventive,  the  use 
of  a  filling  below  the  frost  line,  of  asphaltic  concrete,  from  2  to  5  feet 
dee]). 

Seventh.  — ^Taere  dimension  stone  is  abundant,  and  timber  available 
at  a  reasonable  cost,  a  pneumatic  caisson,  siu'mounted  by  masoniy,  is 
cheai:>er  and  better  than  a  pneumatic  j)ile  pier.  A  single  caisson  can  be 
svxnk  to  a  given  depth  quicker  than  the  3  piles  which  usually  make  up 
such  a  pier,  and  with  less  difficulty  and  uncertainty  as  to  time  than  have 
attended  the  sinking  of  these  piers  the  world  over. 

Ei'^hth. — The  cheapest  and  best  bridge  pier  yet  devised,  where  it  has 
to  be  sunk  through  considerable  depth  of  soft  material  to  a  harder  one, 
is  the  cellular  wooden  caisson,  the  outside  and  cross  walls  being  well 
drift-bolted,  with  working  chamber  at  the  bottom,  the  whole  sunk  by  the 
pneumatic  process,  fiUed  with  concrete  or  rubble  masonry  up  to  within 
5  feet  of  low- water  svirface  and  finished  to  bridge  seat  with  masonry. 

Ninth. — In  my  experience,  concrete  will  not  set  satisfactorily  in  com- 
pressed air,  therefore  I  have  allowed  the  water  to  enter  and  cover  it  be- 
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fore  setting.  This  is  best  done  tlirougli  a  pipe,  reaching  down  to  a  level 
with  the  bottom  of  the  cylinder,  T\liich  prevents  the  j^assage  of  Avater 
through  the  mass  of  concrete.  After  filling  a  cylinder  in  this  way  to  a 
depth  of  5  feet,  I  have  sealed  it,  then  set  shores  from  the  top  of  the  con- 
crete to  the  first  flange  above,  let  off"  the  pressure  and  completed  the  fill- 
ing in  open  air. 

It  was  not  thought  desirable  to  give  in  this  paper  the  oft-repeated 
description  of  the  method  of  sinking  pneumatic  foundations,  and  of  the 
pumps  and  other  machinery  employed,  nor  to  specify  dimensions  of 
cylinders  and  details  of  their  construction.  If  I  have  given  any  facts 
which  will  aid  a  member  in  planning  a  foundation,  or  in  putting  it  in, 
my  purpose  is  accomplished.* 

Mr.  C.  C.  Maetin. — Gen.  Smith  mentions  the  gi-eat  difficulty  in  keep- 
ing pneumatic  cylinders  vertical  while  sinking,  and  the  greater  one  in 
restoring  them  to  the  vertical  when  inclined.  It  w^as  my  fortune,  in 
1861,  to  follow  him  in  charge  of  sinking  the  cylinders  for  the  bridge 
piers  on  the  Savannah  river,  on  the  line  of  the  Charleston  &  Savannah 
R.  K.  The  first  work  I  had  to  do  was  to  straighten  up  a  cyHnder 
which  was  about  30  feet  in  the  sand  at  the  bottom  of  the  river  and 
considerably  inclined,  I  tried  several  times  at  first,  the  method  advised 
by  him,  and  which  he  had  previously  used  with  some  success,  to  excavate 
the  material  inside  of  the  cylinder  to  the  bottom,  di'ive  wooden  w^edges 
under  the  lowest  edge  of  the  cylinder,  to  prevent  that  side  from  going 
fiu'ther,  and  then  allow  the  air  quickly  to  escajje,  the  cylinder  to 
move  down,  and  in  the  operation  to  tend  towards  the  vertical,  which 
tendency  was  increased  by  a  powerful  tackle.  After  several  trials,  during 
which  the  cylinder  moved  downward  about  2  feet,  it  became  e-\ddent  that 
this  method  woidd  not  succeed.  I  thereupon  decided  to  try  the  following 
plan.  I  excavated  the  material  to  the  bottom  of  the  cylinder  and  drove 
the  wedges  as  before  ;  then  excavated  underneath  and  outside  of  the 
cylinder,  on  the  side  opposite  the  wedges,  as  far  as  was  possible  without 
causing  the  sand  to  faU  down  from  the  outside.  This  caused  all  the  air 
that  escaped  Tinder  the  bottom  of  the  cylinder  to  pass  out  on  the  side 
opposite  the  wedges,  and  thus  loosen  the  material  against  which  the 
cylinder  would  have  to  move,  in  being  righted.  This,  it  will  be  observed, 
accomplished    what  Mr.    Sickles   eff'ected   at  Omaha  by  having  holes 

*  Should  any  member  desire  dravringa  of  machines,  to  be  used  in  sinking  pneumatic 
foundations,  of  the  piers  themselves,  or  any  other  information  that  I  possess,  I  will  freely  send 
what  I  have. 
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drilled  in  the  upper  side  of  tlie  inclined  cylinder.  I  tlien  arranged  a 
tackle  to  pull  tlie  cylinder  towards  tlie  vertical,  and  also  a  battering  ram, 
vnth.  wliicli  blows  could  be  struck  against  its  top  to  assist  in  rigliting  it. 
Tliis  ram  consisted  of  a  stick  of  oak  about  12  feet  long  and  12  inches 
square,  suspended  to  the  sheer  poles  above  by  a  ro^^e  near  the  middle. 
When  these  preparations  were  all  made  and  the  men  properly  stationed, 
the  air  was  allowed  to  escape  ;  while  the  cylinder  moved  do^vii  as  usual, 
the  tac-kle  was  made  taut,  but  though  the  wedges  did  their  work, 
the  cylinder  did  not  change  position.  The  battering  ram  was  then  set 
in  motion,  and  at  the  second  blow  the  cylinder  began  moving  towards  the 
vertical — the  continued  strain  of  the  tackle  and  the  blows  of  the  ram  soon 
brought  it  into  jiosition  without  further  trouble.  The  jar  or  shock  given 
to  the  cylinder  seemed  to  be  all  that  was  required  in  addition  to  the  strain 
on  the  tackle.  I  had  no  opportunity  to  test  the  operation  on  another 
cylinder,  for  the  next  one  went  down  without  lea\'ing  the  vertical,  and 
before  work  on  a  third  was  commenced  operations  were  permanently  sus- 
pended. 

My  impression  is,  that  in  all  cases  where  isracticable,  it  is  much  better 
to  provide  a  platform  from  which  to  sink  cylinders  than  to  work  from 
scows,  especially  in  tide-water.  In  rivers  liable  to  sudden  and  great 
changes  in  elevation  of  water  surface,  this  phni  would  not  be  safe,  as  the 
whole  plant  would  be  liable  to  submergence  and  destruction. 

Gen.  W.  Sooy  Sioth. — In  view  of  the  injurious  effects  of  compressed 
air  upon  laborers,  who  excavate  in  the  working  chambers  of  pneumatic 
piles  and  caissons,  after  such  are  .sunk  to  a  depth  of  about  60  feet,  I  have 
given  much  thought  to  a  jjlan  for  sinking  these  foundations  through  sand, 
Avithout  the  necessity  of  sending  men  inside  the  compressed  air  chamber 
at  all,  excejit  to  remove  a  boulder,  log  or  other  unusual  obstruction. 

In  the  case  of  a  pneumatic  pile,  there  should  be  a  short  section  at  the 
bottom,  provided  with  a  cap  containing  a  man-hole  closed  by  a  suitable 
valve,  a  supply-pipe  and  one  or  more  discharge-i^iijes.  The  latter  should 
pass  through  the  cap  by  a  universal  joint  arrangement,  similar  to  that  in 
Ward's  water-pii:)e,  and  each  having  a  telescopic  section  at  the  bottom. 
This  would  permit  a  change  in  the  direction  of  the  discharge-pipe,  so  as 
to  make  its  foot  reach  any  point  on  the  bottom  of  the  pile  when  the 
pipe  is  extended  by  means  of  the  telescopic  section.  To  i)ermit  freedom 
of  motion  above  the  cap,  a  flexible  section  should  be  inserted  in  the  dis- 
charge-pipe. 
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Witli  tlii.s  arraugemeut,  air  could  be  forced  into  the  short  bottom  sec- 
tion through  the  supply-pipe,  aud  the  excavation  done  by  my  air-lift, 
through  the  discharge-pipes  pro^^.ded  for  that  purpose  as  already 
described.  There  would  then  be  no  necessity  to  send  a  man  inside,  un- 
less to  i-emove  some  unusual  obstruction.  The  laborers  required  to  man- 
age the  discharge-pipes  could  stand  in  the  open  air,  upon  the  cajs  of  the 
bottom  section.  The  cylinders  could  be  j)artly  filled  wath  masoniy  to  in- 
crease their  weight  and  aid  the  sinking. 

Of  course,  this  method  could  not  be  employed  where  the  materials 
through  which  the  pile  is  to  be  sunk  are  of  such  character  as  not  to  jield 
and  flow  with  an  air-current.  In  a  caisson,  the  method  would  be  the 
same  except  that  more  pipes  would  be  required.  The  nature  of  the  ma- 
terials, and  the  presence  or  absence  of  logs,  boulders  or  other  obstruc- 
tions can  be  ascertained  by  preliminary  borings.  Some  such  method  as 
this  may  become  necessary  in  sinking  foundations  to  very  great  depths. 
The  gi'eater  the  depth,  the  more  efficient  the  air-lift  becomes. 

Mk.  FEAifcis  CoLiiiNGwooD.* — Geu.  Smith  states  that  in  his  expe- 
rience concrete  sets  badly  under  pressure  ;  this  was  not  the  case  in  the 
caissons  of  the  East  river  bridge,  where,  on  the  New  York  side,  the 
pressure  was  35  jjounds,  and  on  the  Brooklyn  side  15  pounds  j)er  square 
inch;  in  each  the  concrete  set  well  and  with  no  less  facility  than  in  the 
open  air.  In  filling  the  Brooklyn  caisson,  the  first  attempt  Avas  to  pre- 
vent water  from  coming  in,  by  making  a  drj  floor  about  25  feet  wide  from 
the  cutting  edge  inward  ;  the  concrete  for  this  was  put  down  in  layers  of 
6  inches  thick,  for  a  depth  of  12  to  18  inches.  This  was  ineffectual,  the 
water  would  follow  the  timbers,  rise  to  the  center  of  the  caisson,  and 
stand  in  the  lowermost  iilaces,  from  whence  it  was  blown  out  through 
a  flexible  hose.  Over  this  floor,  the  filling  was  continued  in  layers 
from  6  to  10  inches  thick.  In  the  Brooklyn  caisson  it  was  made  of  1 
part  cement,  2  parts  sand  and  3  of  gravel,  and  in  the.  New  York  caisson 
1  more  part  of  gravel  was  added. 

When  concrete  is  laid  under  pressure,  air  will  pass  through  it  outward, 
or  water  through  it  inward;  probably  the  first  hastens  the  action  of  set- 
ting, and  the  second,  by  separating  the  cement  and  sand,  retards  or  pre- 
vents this  action. 

After  the  fire  occurred  in  the  Brooklyn  caisson  it  was  necessary  to  re- 
move several  yards  of  the  concrete;  although  none  of  this  had  been  laid 

*  At  the  meeting,  December  17th,  1873. 
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longer  than  four  weeks,  the  portion  taken  out  was  quite  hard.  The  work- 
men tried  first  to  extinguish  the  fire  by  stopping  the  crevices  with  con- 
crete ;  when,  afterwards,  parts  of  the  caisson  roof  were  cut  out  to  make 
the  necessary  repairs,  the  concrete  exposed  was  very  hard  and  strong, 
and  in  some  places  quite  difficult  to  detach  from  the  timbers;  wherever 
examined  it  had  set  uniformly  throughout  the  whole  mass. 

Hon.  WrLLTAM  J.  McAiiPnsrE.  * — When  I  began  filling  the  pneumatic 
piles  of  the  Harlem  bridge,  the  concrete  was  thrown  in,  5  to  6  feet  in 
depth  at  a  time — -which  in  24:  hours  was  penetrated  by  the  water  as 
thoroughly  as  sand  or  earth  would  have  been ;  this  was  under  a  head  of  40 
feet,  and  the  pressure  exceeded  that  due  to  the  water-head,  by  whatever 
was  due  to  the  friction  of  air  escaping  through  the  surrounding  soil. 
Upon  examination  it  was  found  that  a  criist  (broken  in  some  places)  had 
formed  on  top  of  the  concrete,  which  prevented  the  air  from  jjermeating 
the  mass,  and  thus  excluding  the  water.  On  reference  to  authorities,  I 
learned  that  when  the  Saltash  and  Rochester  (England)  bridge  founda- 
tions were  put  down,  the  concrete  used  did  not  set  under  pressure. 

To  determine  what  was  the  difference  in  action,  when  the  conditions 
(except  the  pressures  of  the  surrounding  atmosphere)  were  alike,  I  sent 
samples  of  concrete  into  the  cylinder,  and  found  that  setting  took 
place  in  about  one-half  the  time  it  did  in  the  open  air.f  Afterwards,  the 
conci'ete  used  was  lowered  through  the  air-lock  in  canvas  bags,  holding- 
about  1\  cubic  feet;  it  then  set  so  rapidly  that  the  bags  could  not  be 
emptied  ^\dthout  cutting. 

To  overcome  the  infiltration  of  Avater,  and  permit  the  concrete  to 
harden  under  pressure,  pieces  of  frost  sjiUt  gas-pipe  were  placed  verti- 
cally in  the  cyHnder,  and  the  concrete  filled  about  them;  thereby  the 
pressure  was  transferred  to  the  bottom  of  the  cylinder  and  the  requisite 
quantity  of  air  furnished  for  setting  and  crystallization.  That  this  was 
effective  was  seen  in  one  instance,  where  the  concrete  was  cut  into  for  6 
feet  in  dej^th,  and  found  to  be  uniformly  solid  throughout. 

From  the  effects  of  frost  and  moisture  some  of  the  cylinders  of  this 
bridge  are  cracked  lengthwise,  and  also  around  under  the  flanges. 

When  building  the  United  States  Dry  Dock  at  Brooklyn,  it  was  neces- 
sary to  exclude  water  which  flowed  in  from  springs,  say  40  feet  above  the- 
work,  or  under  about  80  feet  head.     Concretes,  pure  and  mixed,  made  with. 

*  At  the  same  meeting. 

t  As  recorded  in  "Journal  of  Harlem  Bridge,"  in  the  McAlpiue  Library  of  the  Society. 
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the  best  varieties  of  American  cemeut,  were  put  do\\Ti  in  succession  and 
kept  in  place  by  a  plank  floor  over  the  layers ;  these  all  failed.  Perkin's 
Koman  cement — an  Enghsh  artificial  cement — was  then  tried  with  success. 
The  inverted  arches  of  this  work,  made  with  stone  so  carefully  di-essed 
that  the  joints  were  less  than  -^-inch  thick,  gave  similar  trouble.  These 
were  made  tight  by  driving  in  with  a  caulking  ii-on  a  mixture  of  cement 
and  sand,  intimately  gTound  together  in  a  mortar  and  used  dry. 

Me.  Octave  Chantjte.  * — In  putting  down  the  j)iers  of  the  Illinois  and 
St.  Louis  bridge,  the  aii-  pressure  was  considerably  greater  than  that  due 
to  the  head  of  the  sxu-rounding  water;  no  trouble  was  experienced  "ttith 
cement  setting  under  iiressures  varying  from  44  to  51  pounds. 

In  prejjaring  such  foundations,  concrete  in  large  masses  should  be 
allowed  sufficient  time  to  harden  jiroperly;  French  engineers  say  that 
heavy  weights  should  not  be  put  on  concrete  foundations  in  less  than  one 
year. 

The  piers  at  Omaha  and  Leavenworth  are  also  cracked  by  frost;  to 
j)revent  this,  the  jDiles  might  be  lagged  with  wood  on  the  inside  between 
the  flanges,  so  as  to  leave  an  interior  cylinder  of  uniform  section  to 
he  filled  with  concrete. 

*  At  the  same  meeting. 


AMERICAN  SOCIETY  OF  CIVIL  ENOINEERS. 
PROOEEDIIsraS. 


MINUTES     OF     MEETINQS. 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 

OF  THE  SOCIETY. 

Makch  18th,  1874. — A  stated  meeting  was  held  at  8  o'clock  p.  m. 

A  paper*  by  John  G.  Clarke,  C.  E.,  on  the  "  Aj^proximate  Value  of  a- 
Rediiction  of  Ruling  or  Maximum  Grades"  was  read  and  briefly  dis- 
cussed. 

The  subject  "Tests  of  Materials  used  in  Construction  and  Testing- 
Machines,"  considered  at  the  stated  meeting,  held  January  21st,  was 
again  taken  up.  O.  Chanute,  C.  E. ,  presented  a  rejiort  made  by  Eussell 
H.  Curtis,  C.  E. ,  on  "  Tests  of  Eye-Bars  for  Iron  Bridges  on  the  Erie 
Railway,"  which  was  read,  and  a  discussion  followed. 

Apeil  1st,  1874.— a  regular  meeting  was  held  at  IV  o'clock  p.m. 

The  vote  upon  admission  to  membership  was  canvassed,  and  the  fol- 
lowing declared  elected:  Members,  John  M.  Brown,  C.  E.,  of  Auburn, 
N.  Y.,  Abraham  B.  Cox,  Jr.,  0.  E.,  oi  Rochester,  N.  Y.,   Gen.  Wilham 

B.  Frankhn,  of  Hartford,  Conn.,  WiUiam  E.  Merrill,  C.  E.,  of  Buffalo, 
N.  Y.,  Charles  R.   Schott,  Jr.,   C.  E.,  of  New  York,  Joseph  S.   Smith, 

C.  E.,  of  Philadelphia,  Pa.,  R.  WiUard  Ware,  0.  E.,  of  Port  Jervis,  N.Y., 
and  Joseph  Wood,  C.  E. ,  of  Washington,  D.  C. ;  and  Juniors,  Josei^h  B. 
Davis,  C.  E.,  of  Ann  Arbor,  Mich.,  David  Reeves,  C.  E.,  of  Philadelphia, 
Pa.,  and  Samuel  Whinery,  C.  E.,  of  Butlerville,  Ind.  The  resignation, 
on  March  12th,  of  H.  L.  Koons,  C.  E.,  Associate,  of  Los  Angelos,  Cal., 
was  announced. 

A  paper  by  Prof.  Robert  H.  Thurston  on  the  "  Strength,  DuctiHty  and 
Resilience  of  Materials  of  Machine  Construction,"  a  communication 
from  Edward  Turner,  C.  E. ,  referring  to  the  ' '  Elements  of  Cost  of  Rail- 
road Traffic,"  and  one  from  Gorham  P.  Low,  Jr.,  C.  E.,  suggesting  meas- 
ures for  niaking  a  comparitive  examination  of  the  princij)al  pumping 
engines  in  use,  were  read.  The  latter  was  referred  for  consideration  and 
report  to  a  committee  consisting  of  Messrs.  Gorham  P.  Low,  Jr. ,  John 
Bogart,  W.  Milnor  Roberts  and  William  E.  Worthen. 

*  Transactiona,  page  399. 
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The  exjiediency  of  a  change  in  location  of  the  rooms  of  the  Society 
Tvas  referred  to  Messrs.  John  Bogart,  Francis  Collingwood  and  G. 
Leverich,  as  a  committee  to  obtain  requisite  information,  and  repoi't  to 
the  Board  of  Direction,  which  was  empowered  to  act  in  the  matter. 


OF  THE  BOAPvD  OF  DIRECTION. 

Makch  30th,  1871. — A  stated  meeting  was  held  at  2  o'clock  p.  m.,  and 
proposals  for  aelmission  to  the  Society  were  considered. 

A  re^jort*  from  the  committee  appointed  to  i^repare  a  detailed  plan 
for  the  Sixth  Annual  Convention  of  the  Society,  to  be  held  in  New  York, 
June  10th  and  11th,  was  adojited;  the  Committee  on  Library  was  re- 
quested to  present  a  scheme  for  the  division  of  the  books,  maps  and 
similar  property  of  the  Society,  into  works  of  reference  which  shall  not 
be  removed  from  its  rooms,  and  works  which  may  be  loaned  to  members — 
and  the  Secretary  was  instructed  to  send  a  circular  to  members  of  the 
Society  and  to  managers  of  pubhc  works  generally,  asking  the  donation 
of  new  and  old  reports,  odd  pamphlets  and  similar  matter,  which  may 
furnish  a  basis  for  the  history  and  comparison  of  engineering  operations. 


^  ■•»»» 

CODE     OF     PvULES 

FOR     THE 

AWARD  OF  THE  NORMAN  MEDAL. 


The  Committee  appointed  "to  arrange  with  George  H.  Norman,  Esq., 
the  details  necessary  to  jaerfect  his  plan  "  to  award  a  medal  each  year  for 
the  best  essay  on  engineering  sulijects,  has  conferred  with  the  donor  of 
the  fund,  and  reported  the  following  plan  or  Code  of  Rules  to  be  ob- 
served in  awarding  the  ' '  Norman  Medal  of  the  American  Society  of 
Civil  Engineers." 

I.  Competition  for  the  Norman  Medal  of  the  American  Society  of 
Civil  Engineers  shall  be  restricted  to  members  of  the  Society. 

H.  There  shall  be  one  gold  medal,  and  only  one,  struck  for  each  and 
■every  fiscal  year  of  the  Society,  and  awarded  as  hereinafter  provided. 
The  dies  therefor  shall  be  deposited  A\dth  the  superintendent  of  the 
United  States  mint  at  PhiladeliDhia,  in  trust  exclusively  for  the  aforesaid 
purpose.  Such  medal  shall  be  of  a  cost  equal  to  the  annual  interest  re- 
ceived upon  81,000  of  the  consolidated  stock  of  the  city  of  New  York, 
certificate  No.  179,  of  additional  new  Croton  Aqueduct  stock  of  the  city 
of  New  York,  authorized  by  an  act  of  the  Legislature  of  th&  State  of  New 

*  For  an  abstract  of  this,  see  Announcements,  page  83. 
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York,  Chap.  230,  passed  April  15th,  1870,  dated  November  17th,  1873; 
now  held  in  trust  by  the  Treasurer  of  this  Society,  and  so  held  solely  for 
this  purpose  ;  and  shall  be  executed  upon  his  order. 

III.  The  President  of  the  Society,  the  President  of  Columbia  CoUege, 
and  the  Engineer  OflBcer  of  the  United  States  Army  commanding  in  that 
capacity  in  New  York  city  and  vicinity,  shall  be,  ex-ofiicio,  a  Board  of 
Censors,  whose  duty  it  shall  be  to  examine  all  i^aj^ers  entitled  to  compe- 
tition under  these  rules,  and  award  the  Norman  Medal  as  a  jirize  of  merit, 
as  hereinafter  provided.  i 

IV.  No  papers  shall  be  entitled  to  competition  except  such  as  are  of 
practical  engineering  interest ;  it  being  the  expressed  intention  of  the 
donor  to  exclude  from  competition  all  papers  of  a  purely  speculative  or 
theoretical  character. 

V.  Each  paper  submitted  for  comi^fttition  shall  be  headed  with  the 
title,  but  shall  not  exhibit  the  author's  name  on  any  X5art  of  the  manu- 
scri^Dt ;  it  shall  be  accompanied  with  a  sealed  envelope,  superscribed  with 
the  title,  and  enclosing  both  the  title  and  the  name  of  the  author.  The 
whole  to  be  enclosed  in  an  envelope  addressed  to  "  The  President  of  the 
American  Society  of  Civil  Engineers,"  and  conspicuously  endorsed   "For 

Norman  Medal,  year ;"  and  presented  at  least  two  months  prior 

to  the  Annual  Meeting;  and  no  j)aper  otherwise  presented,  or  in  posses- 
sion of  the  Society,  shall  be  admitted  to  competition,  nor  except  for  the 
fiscal  year  in  which  it  shall  have  been  presented. 

VI.  All  papers  presented  in  accordance  with  the  foregoing  rule  shall 
first  be  submitted  by  the  President  to  the  Board  of  Censors;  and  after 
their  examination,  and  at  the  Annual  Meeting,  the  President  shall  present 
the  successful  essay,  together  with  the  sealed  envelojie  containing  the 
author's  name,  accompanied  with  the  certificate  of  the  Board  of  Censors, 
to  the  Society — wlien  the  envelope  shall  be  ojjened,  the  author's  name 
announced,  and  the  award  declared.  Such  award  shall  be  entered  on  the 
Minutes  and  published  in  the  proceedings  of  the  Annual  Meeting.  If  for 
any  reason,  in  any  year,  there  shall  be  no  award  of  this  medal,  then  the 
amount  of  the  interest  of  the  fund  for  that  year  shall  be  expended  by  the 
Board  of  Direction  in  the  purchase  of  books;  said  books  to  be  offered  as  a 
premium  for  the  second  best  comiseting  i^ai^er  for  the  medal  of  the  suc- 
ceeding year. 

VII.  The  Treasurer  of  the  Society  shall  cause  the  medal  to  be  pre- 
jjared  and  delivered  to,  or  deposited  to  the  order  of  the  successful  com- 
petitor, within  two  mouths  afier  the  Annual  Meeting  at  which  the  same 
shall  have  been  awarded. 

EVIII.  The  Board  of  Censors  may  make  such  regulations,  consistent 
with  this  Code,  as  they  may  deem  proper,  and  shall  have  power  to  fill  va- 
cancies in  said  Board. 
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NEW  BOOKS  ON 

ENOINEERING    AND    TECHNOLOOY. 


Under  this  head  will  be  announced  new  books  on  these  and  kindred  subjects  in  English, 
French  and  German,  which  may  be  professionally  useful  to  members  of  the  Society. 

At  the  present  rates  of  duty  and  exchange,  the  cost  of  imported  books  may  be  estimated  in 
federal  money,  at  one  shilling  equal  to  50  cents,  one  franc  to  37  cents,  and  one  thaler  to  $1.23. 


Architecture  and  Construction,  Illustrated 
Review  of — E.  F.  Le  Preux.  Paris  (French). 
8f. 

Annals   of  the    Academic    Society   of 

— of  Lyons.      Lyons  (French).     8vo,  ilhis. 

Artillery,  German,  Operations  of — in  the  Bat- 
tles near  Metz.  From  the  offioial  German 
Artillery  Reports.  Capt.  Hoffbauer.  Paris 
(French).     Part  1  with  maps.     45f. 

Memoirs  on  Marine  Artillery — Minister 

of  the  Marine  and  the  Colouios  (exclusively 
for  officers  of  the  service).  Paris  (French) 
illiis. 

Report  on  a  Naval  Mission  to  Europe, 

especially  devoted  to  the  Material  and 
Construction  of  Artillery.  By  Capt.  Edward 
Simpson,  to  the  Secretary  of  Navy,  Washing- 
ton.    2  vols.     4to,  illus. 

Bridge  Building,  Instructions  on  Modern 
American — with  Practical  Applications  and 
Examples,  Estimates  of  Quantities  and 
valuable  Tables.  G.  B.  N.  Tower.  Boston. 
Svo,  illns.     S2.00. 

of  Vichy,  Memoir  of  the — M.  Radoult 

de  Lafosse,  Engineer  of  Bridges  and  High- 
ways.    Paris  (French).     Svo,  iUus.     5f. 

Bridges  and  Viaducts  in  Masonry.  M.  De- 
bauve,  Engineer  of  Bridges  and  Highways, 
Paris  (French).  Svo,  text,  4to,  plates.  25f. 
(Forms  the  10th  number  of  the  Manual  of 
Bridges  and  Highways,  to  consist  of  15  to  20 
numbers.) 

Iron,  Calculation  of — M.  de  Montdesir, 

Ch.  Engineer  of  Bridges  and  Highways.  2d 
ed.     Paris  (French).     4to,  illus.     15f. 

Masonry,  construction  of — M.  Decom- 

ble,  Ch.  Engineer  of  Bridges  and  Highways. 
Paris  (French).     4to,  illus.     12^,f. 

Strains    in   continuous  of    connected 

Trusses  of  Iron  Bridges.  2d  ed.  Edited 
by  M.  de  Montdesir.  Paris  (French).  4to, 
ilius.     15f. 

Buildings,  Handbook  on  the  .\rt  of  Con- 
structing—(German).  Svo,  illus.     ijt. 

Cannon.  Record  of  the  Trial  of  a  Steel 
Breech-loading  Cannon— 30','  centimetres 
calibre.  Fabricated  by  F.  Krupp.  Paris 
(French).     12mo,  if. 

Cast  Iron  and  Steel.  Strength  and  other  Prop- 
erties of — G.H.Love.  Paris  (French).  Svo, 
illus.     8kf. 

Use'  of — in  Construction.     M.  A.  Guet- 

tier.  Paris  (French).  Svo.  text.  4to  plates. 
2  vol.     30f. 

Chemistry  of  the  Carbon  Compounds,  A  Man- 
ual of — or  Organic  Chemistry.  C.  Schor- 
lemmer,  F.R.S.  London.  Svo,  cloth. 
$5.00. 

Civil  Engineering,  Annals  of — a  Collection  of 
Memoirs  on  Bridges,  Highways,  Railroads, 
Navigation,  Architecture,  Mines.  Metal- 
lurgy and  General  Technology.  Edited  by 
E.  Lacroix,  assisted  by  a  number  of  Engi- 
neers and  Professors.  2d  series,  vol.  II. 
Paris  (French).    Svo,  text,  atlas  plates.    25f. 

Coal,  Index  to  Report  of  Committee  on  Price 
of  Coal.  Parliamentary  Report.  London. 
3d. 


Coal,  Mechanical  preparation  of,  etc.  M, 
Pernolet.     Paris  (French).     Svo,  illus.  SJ^f. 

Mines,  Methods  of  Operation.    M.  Am- 

yot.     Paris  (French).     Svo,  illus.     7Jf. 

Compass,  Notes  on  the  Regulation  of — by  ob- 
servations of  Horizontal  Force.  M.  E.  Cas- 
par!.    Paris  (French).     Svo. 

.  Protractor,  Instructions  on— especial- 
ly designed  for  rapid  Plotting  of  prelimi- 
nary Surveys  and  military  Reconnaisances. 
Frederic  Hennequin.  Paris  (French), 
12mo.     if. 

Constants  "of  Nature.  Part  1.  Specific  Gravi- 
ties— Boiling  and  Melting  Points  and  Chem- 
ical Formula.  Compiled  by  Frank  Wiggles- 
worth  Clarke,  S.  B.  (Smithsonian  Miscel- 
laneous Collection.)  Washington.  Svo. 
$1.25. 

Curves,  Railroad— Tables  for  Locating.  M. 
Gaunin.     Paris  (French).     Svo.      7if. 

Defenses,  Construction  and  Application  of 
Accessory  Defenses.  H.  Girard,  Capt.  of 
Engineers,  Belgian  Army.  2d  ed.  Paris 
(French).     18mo,  illus.     2Jf. 

Dictionary  of  Art,  Manufactures  and  Agri- 
culture. Ch.  Labouleye  and  Committee  of 
Engineers.  4th  ed..  Vol.  I.  Paris  (French). 
To  consist  of  i  vols.,  illus.     Each  22f. 

,  Technological,  English — French.     M, 

Burg.     Paris  (French).     32mo.     If. 

Drainage  of  Towns,  Watercourses.  Drains 
and  Irrigation.  A.  Ronna.  Paris  (French). 
Svo,  illus.     12f. 

Drills,  Compressed  Air — Experiments  with, 
at  Sarrebruck,  Vieille-Montagne  and  Auzin. 
M.  Pernolet.  Paris  (French).  Svo,  illus, 
5f. 

Dynamometer,  Watt's  indicating — With  me- 
thods of  Determining  the  Work  of  Steam 
Engines.  A  Practical  Handbook.  Albert 
Thomas.    Paris  (French).    Svo,  illus.     S^f. 

Earth,  Dynamical  Theory  of  the  Formation 
of— A.  T.  Ritchie.  3d  ed.  London.  Svo. 
$5.00. 

Earthwork  for  Railway  Construction,  Tables 
of — L.  Ponzger  (German).     Svo.     2it. 

Electricity,  A  Treatise  on  the  Mathematical 
Theories  of — as  developed  by  Ampere,. 
Neumann,  Weber  and  Kirchoff.  Part  I. 
Leipzig  (Gorman).    Svo.     7s.  6d. 

Elevations,  Dictionary  of— and  climatic  Regis- 
ter of  the  United  States.  Containing,  in 
Addition  to  Elevations,  the  Latitude,  mean 
annual  Temperature  and  the  total  annual 
Rainfall  of  many  Localities.  J.  M.  Toner, 
M.D.     New  York.     Svo.     $3.75. 

Engineers,  Society  of — Transactions  for  1871 
(Contents). — I.  Machinery  and  Utensils  of 
a  Brewery.  Thos.  Wilkins.  II.  Brewing 
Apparatus.  John  Walker.  III.  Ventilation 
of  Sewers.  Baldwin  Latham.  IV.  Tim- 
bering of  Trenches  and  Tunnels.  Charlf  s 
Turner.  V.  Recent  Improvements  on  Ex- 
plosive Compounds.  P.  F.  Nursey,  VI. 
Floating  Breakwaters.  Thos.  Cargill.  Lon- 
don.    Svo.     $4  25. 

Fortifications.  A  Treatise  on  the  Iron  Plating  of 
— E.VonGlanz.    Vienna  (German).  Svo.  2|t. 
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Fortlflcatlons  of  the  Future,  Essay  on— E. 
Wagner.     Paris  (French).     If. 

of  the  German  Armies   around  Paris. 

4th.  Part,  from  the  Valley  of  the  Ble\re  to 
the  Valley  of  Sevres.  Paris  (French).  8vo 
text,  4to  plates.     .51'. 

Fuel.  W.  C.  Siemens;  and  the  Value  of  artifi- 
cial Fuels  as  compared  with  Coal.  John 
WormaM.     New  York.     18mo.     $0..50. 

Geologic  N'  tes  on  Chili.  M.  M.  Maillardand 
Fuchs.     Paris  (French).     8vo,  illus.     2f. 

Geology  of  the  Chain  of  the  Andes,  from  the 
1G°  to  53"  S.  Latitude.  M.  Pissls.  Paris 
(French).     8vo,  illus.     4f. 

Gun  Metal.  E.  Fremy.  Clichy  (French). 
8vo. 

Harbors,  Design  and  Construction  of— A 
Treatise  on  Maritime  Engineering.  2d  ed. 
Edinburgh.     Svo.     1.5s. 

History  of  the  Professions,  Trades  and  In- 
ventions of  Austria,  from  the  Middle  of 
the  18th  Century  to  the  Present.  Edited 
by  Prof.  W.  F.  Exner.  1st.  Series  Eaw 
Productions  and  Manufactures.  Vienna 
(German).     Svo.     3itt. 

Horse  Railroads  and  Tramways,  A  Practical 
Treatise  on  the  Construction  of — M.  Le 
Comte  d'.\dhemor.  Paris  (French).  8vo, 
illus.     6t". 

Humboldt,  Special  Atlas  to  Works  of — 24 
Maps  preijared  by  Humboldt,  or  under  his 
direction.  Paris  (French),  in  portfolio. 
70f. 

Hydraulics.  Description  of  different  Forms 
"of  Apparatus  for  raising  Water,  hydraulic 
Motors,  etc.  Chauveaux  des  Roches,  Belin 
and  Vigi-eux.  (French.)  8vo  text,  4to 
plates;  (correction  of  title  on  page  63). 

Hydrographic  Annals — Minister  of  the  JTavy 
Relating  to  Hydrography  and  Navigation. 
.\  quarterly  Publication.  Paris  (French), 
illus.     Yearly  IGf. 

Hydrological  Stiidies  on  the  .Jura  Mcuntaius. 
M.  Lamairesse.  Paris  (French).  4to,  text, 
atlas,  plates.     20f. 

Inland  Navigation.  A  Treatise  on  the  Navi- 
gation of  large  Streams,  on  Quays,  Dams. 
Towage,  &c.  M.  de  Lagrene.  Paris 
(French).  4to  text,  atlas  plates.    6  vol.    75f. 

Iron  and  Coal,  New  Studies  on  Manufactur- 
ing Processes.  Louis  Reybaud.  Paris 
(French).     Svo.     7f^. 

Ore.     Apparatus  for  the  Treatment  of 

Iron  Ore  by  means  of  any  Fuel,  as  Coal 
Slack,  Sawdust,  Peat,  kc.  Paul  Poirier. 
Nantes  (French),  illus. 

Lead  and  Zinc  Ores,  Smelting  of — in  Belgium 
and  Rhenish  Prussia.  M.  Henry.  Paris 
(French).     Svo,  illus.     7Af. 

Smelting   of  at  Psibram.     M.  Henry. 

Paris  (French).     Svo.  illus.     6f. 

Locomotion,  Handbook  of— including  the 
Construction.  Running  and  Management  of 
Locomotive  Engines  and  Boilers.  Stephen 
Roper.     Philadelphia.     12mo,  illus. 

Machines,  Description  of  the  most  remark- 
able and  novel — at  the  Vienna  Exposition 
of  1873.  M.  Fontaine.  Paris  (French). 
Svo,  text.     Folio  plates.     3.5f. 

Mechanical  Engineers.  Institution  of — Pro- 
ceedings. May  1st,  1873.   Birmingham.  Svo. 

Memoirs  of  the  .\cademy  of  Science  and  of 
the  Institute.     Paris  (French)  4to,  illus. 

Metalliferous  Veins  of  Psibram,  Studies  on. 
MM.  Levy  and  Chonlette.  Paris  (French). 
8vo,  illus.     45!'. 

of     Saxony    and    Northern    Bohemia, 

Studies  on.  M.M.  Levy  and  Chonlette. 
Paris  (French).     Svo,  iUus.     7if. 

of  Schemnitz,  Study  of— With  a  Notice 
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of  the  School  of  Schemnitz.  M.M.  Henry 
and  ZeiUer.  Paris  (French).  Svo,  illus. 
7Jf. 

Metallurgy,  a  Manual  of — Vol.  I.  Fuel,  Iron, 
Steel,  Tin,  Antimony,  Arsenic,  Bismuth 
and  Platinum.  London.  12mo,  illus. 
2s.  Cd. 

Metals.  Researches  on  the  electrical  Resist- 
ance of  Metals  and  their  Variations  under 
the  Influence  of  Temperature.  Suggestions 
made  by  the  Faculty.  R.  Benvit.  Paris 
(French).     4to.     l^t. 

Tables  of  the  Weights  of— M.  Jacquet. 

Paris  (French).     Svo.     iU. 

Ornamfntor.  The  modern  Ornamentor  and 
interior  Decorator.  A.  P.  Boyce.  Boston. 
4to,  iUus.     S3.50. 

Projectiles,  Trial  of  the  Movements  of  ob- 
long—(French.)    Svo.     IJf. 

Quadrature  of  the  Circle"  Containing  De- 
monstrations of  the  Errors  of  Geometers 
in  finding  the  Approximations  in  Use,  with 
an  Appendix  and  Lectures  on  jjolar  Mag- 
netism and  the  Non-Existence  of  projectile 
Forces  In  Nature.  John  A.  Parker.  New 
York.     Svo.     $2.. 50. 

Quaternions,  An  Elementary  Treatise  on — 
P.  G.  Tait,  M.  A.  New  ed.  London.  Svo. 
S7.00 

Railroads.  Construction  and  Destruction  of 
—in  time  of  War.  Lieut.  M.  Wibrotte.  2d 
ed.    Paris.     (French.)   Svo,  illus.     IA  f. 

in  La  Meurthe,   Local  Traffic  tor — M. 

Varroy.     Paris.     (French.)  Svo,  illus.   4»^f. 

Military  ideas  concerning  the  Italian — 

Carlo  Aymonino.     Tours.     (French)   12mo. 

Studies  on  Switches  and  Connections. 

Ch.  Richoux.  (French.)  Svo.  text,  folio 
plates. 

Resistance  of  Materials,  Treatise  on— V.  D. 
Develshauvers.  Liege  (German).  Svo, 
illust.     .5f. 

Sailor's  Pocket-Book  :  A  Collection  of  prac- 
tical Rules,  Notes  and  Tables  for  Use  of  the 
Royal  Navy,  the  mercantile  Marine,  and 
Yacht  Squadrons.  Portsea.  16mo,  illus. 
78.  6d. 

Sands,  Studies  on  a  special  Property  of— and 
on  its  Application.  L.  A.  Beaudemoulin. 
Paris.     (French.)   Svo,  illus.     2f. 

Steam,  An  Elementary  Treatise  on  —  John 
Perrv,  B.  E.     London.     16mo,   cloth,  illus. 

SI.  56. 

Engine.    The  Slide  Valve  practically 

Considered.     5th  ed.  London.     Svo.     5s. 

Generators.     Heat  a  source  of  Power  ; 

with  Applications  of  general  Principles  to 
the  Construction  of  steam  Generators.  An 
Introduction  to  the  Study  of  heat  Engines. 
William  P.  Trowbridge,  Prof,  of  Dynamic 
Engineering,  Yale  College.  New  York.  Svo, 
S3.50. 

Steel,  Bessemer,  Manufacture  of — M.  Jano- 
yer.     Paris   (French).     Svo  illus.     3f. 

Surveying.  A  Treatise  on  the  Method  of 
Government  Surveying  as  prescribed  by 
the  United  States  Congress  and  Commis- 
sioner of  the  General  Land  Office,  with 
complete  mathematical,  astronomical,  and 
practical  Instructions,  for  the  use  of 
United  States  Surveyors  in  the  Field,  and 
Students  who  contemplate  engaging  in  the 
business  of  public  land  Surveying.  Sho- 
bal  V.  Clevenger,  Deputy  Surveyor.  New 
York.    ISmo,  tucks,     $2.50. 

Tables  and  Formula.  A  Pocket-Book  of  use- 
ful Tables  and  Formula  for  marine  En- 
gineers. Frank  Proctor.  London.  32  mo, 
oblong. 

Technology.    Knapp's  Chemical — Translated 
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from   the   German  and  enlarged  by  M.  M. 

Debize  ami  Merijot.    Vol.  I,  2d  part.     Paris 

(French).  8vo,  ilkis.     9f. 
Telegraphic  Almanac.   Paris  (French).   32mo, 

3f. 
Telegraph,    Hughes,    Album     of— 22     Plates, 

with    explanatory    Text.    G.   MiriU.   Brest 

(French),     -tto.    8f. 
Textile  Fabrics.     Reports  from  Secretaries  of 

Embassy,  &c.,  respecting  Factories  for  the 

Spinning  and  Weaving  of  Textile  Fabrics 

Abroad.      Part  I.     ParUamentary    Rejiort. 

London.     8vo.     3s.  2d. 
Transportation,  Method   of — used   in  Mines, 

Factories  and  Public  Works.  Alfred  Eveara. 

Part   III.    Paris  (French).     Svo,  illus.    25f. 

(Complete  in  4  Parts,  forming   2  Vols,  and 

Folio  Atlas  of  Plates.) 
Vienna  Exposition  and  the  Philadelphia  Cen- 


tennial. Report  of  Charles  Francis  Adams, 
Jr.,  Massachusett's  Commissioner.  Boston. 
Svo. 

Scientific  Productions  at  the — Vienna 

(German).     Parti.    Svo.     -is. 

War.  Franco-German.  The  Campaign  of 
1870-71.  Operations  of  the  1st  Bavarian 
Army  Corps  under  General  Von  Der  Tann. 
Compiled  from  the  Bavarian  Official  Re- 
cords. By  Capt.  Hugo  He  lorg.  Trans,  by 
Capt.  G.  S.  Schwabe.  London.  Svo,  illus. 
2  vols.     2-ts. 

Operations  of  the  Corps  of   German 

Engineers.  Ad.  Goetze.  Trans,  from  the 
German  by  Grillon  and  Fritsch .  (French.) 
Svo,  illus.    7f. 

Year  Book  of  Art,  Science  and  MiUtary  Tech- 
nology. Edited  by  Major  P.  Henard,  of  the 
Belgian  Artillery.    (French.)    18mo.  7^f. 


LIBRARY     AND     MUSEUM. 


Additions  in  March,  1874. 

Note. — Members  and  others  are  asked  to  contribute  regularly  to  the  library  of  the  Society, 
copies  of  government,  municipal,  railway,  canal  and  other  reports,  specifications,  profiles, 
maps,  photographs  and  like  matter,  making  up  the  record  of  engineering  operations  for  the 
past  or  present,  anil  to  inform  the  Secretary  where  such  may  be  had.  Duplicate  copies  are 
desired,  for  transmission  to  foreign  societies  in  return  for  works  collected  and  sent  to  this 
library  by  them ;  also  for  exchange  with  members  and  others  who  wish  complete  sets  refer- 
ring to  particular  subjects.  In  order  to  gather  material  now  considered  of  but  little  value,  but 
of  great  future  importance  in  the  history  of  the  public  works  of  this  country  and  a  comparison 
of  their  economical  results,  donations  are  solicited  of  old  reports  or  pamphlets,  which  in  any 
way  refer  to  their  construction  or  oiDeratiou. 


Donations  are  acknowledged  as  FOLXiOWS  : 


From  Geu.  J.  G.  Barnard,  New  York  : 
Letter  from  the  Secretary  of  War  in  Answer 
to  a  Resolution  of  the  House,  of  March  14th, 
1871,  in  Relation  to  a  Ship-canal  to  connect 
the  Mississippi  River  with  the  Gulf  of  Mex- 
ico.    Washington,  1874. 

Transmitting  a  Report  of  the  Board  of 

Engineers  relative  to  the  Practicability  of 
Bridging  the  Channels  between  Lake  Huron 
and  Lake  Eris.     Washington,  1874. 

From  A.  S.  Barnes  &  Co.,  New  York  : 
The    International    Review.      March,    1874. 
New  York. 

From  Leonard  F.  Beckwith,  C.  E.,  New 
York  : 
The  Fire-Proof  Building  Company  of   New 
York.    1874. 

From  A  D.  Briggs,  Esq.,  Springfleid. 
Mass. : 
Fifth  Annual  Report  of  the  Board  of  Railroad 
Commissioners.     January,  1874.     Boston. 
From  J.  G.  Chase,  C.  E.,   Cambridge, 
Mass. : 
City  of  Cambridge.      Annual  Report  of  the 
Citv  Engineer  to  the  Citv  Council,  for  year 
ending  Nov.  30th,  1873.    "Cambridge,  1S74. 

Mayor's  Address  at  the  Organization  of 

the  City  Government,  and  the  Annual  Re- 
ports   made  to    the    City    Council.      Cam- 
bridge, 1874. 
.  ■■  —  ■-  Ninth  Annual  Report  of  the  Cambridge 


Water  Board  to  the  City  Council,  with  Re- 
ports, Documents,  &c.,  for  1873.  Cam- 
bridge, 1874. 

From  H.    Wads  worth    Clarke,    C.    E., 
Syracuse,  N.  Y. : 
Annual  Report  of  the  Superintendent  of  the 
Onondaga   Salt    Springs.      January,    1874. 
Albany. 
Map  of  New  York,   Richmond,   Queens  and 
Kings  Counties 

From  Messrs.  Claxton,  Remsen  k  Haf- 
felfinger,  Philadelphia: 
A  new  Method  of  Calculating  the  cubic  Con- 
tents of  Excavations  and  Embankments  by 
the  aid  of  Diagrams,  together  with  Dii-ec- 
tions  for  Estimating  the  Cost  of  Earth- work. 
John  C.   Trautwine,  C.   E.     Philadelphia, 
1874. 
The   Field   Practice   of  Laying  out  Circular 
Curves  for  Railroads.     John  C.  Trautwine, 
C.  E.     Philadelphia,  1874. 

From  James  Emerson,  C.  E.,  Holyoke, 
Mass. : 
Fifth  Annual  Report  of  Turbine  Tests.  James 
Emerson,   C.   E.    Springfleid,  Mass.,  1874. 
(3  copies.) 

From  Col.  John  T.  Fanning,  Manches- 
ter, N.  H.: 
Manchester  Water  Works.     Second  Annual 
Report  of  the  Board  of  Water  Commission- 
ers and  Engineer,  for  1873.    Manchester. 


From  Charles  E.  Fowler,   C.  E.,  New 
Haven,  Conn. 
City  Year  Book  of  the  City  of  New  Haven  for 
1872-3.     New  Haven,  1874.     (2  copies.) 

From  Charles  Douglas  Fox,  C.  E.,  Lon- 
don, England  I : 
Report  to  the  Commissioners  of  Sewers  of  the 
City  of  London  on  Accidents  to  Horses  on 
Carriageway  Pavements.      Wm.   Haywood. 
London,  1873. 

From    the    Institution    of    Mechanical 
Engineers,  Birmingham,  England: 
Pioceedings,  May  1st,  1878.     Birnjingham. 

29th  and   30th  July,    1873.      Cornwall 

Meeting.     Part  II.     Birmingham. 

From  the  Iron  and  Steel  Institute,  Lon- 
don, England: 
Journal  of  the  Iron  and  Steel  Institute.     Jan- 
uary, 1872,  to  April,  1873.    London,  1872-3. 
(6  vols.) 

From  Col.  W.  E.  Merrill,  Cincinnati,  O. : 
Letter  from  the  Secretary  of  War  relative  to 
the  Improvement  oi  the  Ohio  Biver.   Wash- 
ington, 1871. 

From  Macmillan  k  Co.  New  York: 
Elementary  Treatise  on  Steam.     John  Perry, 
B.  E.     London,  1874. 

From  Charles  Paine,  C.  E.,  Cleveland, O. : 
Report  of  the  Geological  Survey  of  Ohio.  Part 
I,  Geology.     Part  II,  PaliEontology.     With 
Maps.     3  vols. 

From  the  Publishers  : 
German  Building  Gazette,  the  Organ  of  the 
German  architectural  and  engineering  So- 
cieties.    Editors  K.  E.  0.  Fritsch  and  F.  W. 
Busing.     (German).    Semi-weekly.    Berlin. 


From  Admiral  B.  F.  Sands,  Washing- 
tun,  D.  C. : 
Astronomical    and    Meteorological    Observa- 
tions made   during  1871,  at  the  U.  S.  Naval 
Observatory.     Washington,  1873. 

From  Col.  Thomas  S.  Sedgwick,  Wash- 
ington, D.  C: 
Report  of  Board  of  Internal  Improvement  on 
the  Chesapeake   and   Ohio   Canal  to   Chief 
Eng.  Maj.-Gen.  Alex.  Macomb,  October  23d, 
1826.     Annapolis,  1873. 

From    Smithsonian   Institution,  Wash- 
ington, D.  C. : 
Check  List  of  Publications  of  the  Smithsonian 
Institution,  July,  1872.     Washington. 
From  E.  &  F.  N.  Spon,  New  York: 
Hydraulics  of  Great  Rivers.     The  Parana,  the 
Uruguay,  and  the  La  Plata  Estuary.     J.  J. 
Revy.     London,  1874. 

From  Joseph  M.  Wilson,  C.  E.,  Phila- 
delphia, Pa. : 
Photographs  and  Lithographs  of  Designs  for 
proposed  Park  Bridge  over  Sixth  st.     Wash- 
ington, D.  C. 

of  Design   for  proposed  R.  R. 

Bridge  over  Delaware  river  at  Trenton,  N.  J. 
By  Purchase. 
Atlas  of   Maryland,   Distr.  of  Columbia  and 
the  U.  S.  and  Territories.  Marteuet,  Walling 
and  Gray.     Baltimore,  1873. 

of  Massachusetts.     Walling  and  Gray. 

1871. 

of   Michigan.     H.   F.   Walling,   C.  E. 

Detroit. 
Topographical   Atlas   of    Ohio  and  the  U.  S. 
WaUiug  and  Gray.     Cincinnati,  1872. 


ANNOUNCEMENTS. 


Meetings. — The  next  evening  meeting  of 
the  Society  will  be  held  Wednesday,  April 
15th,  at  8  o'clock  p.  m. 

"Elements  of  cost  of  railroad  traffic" — the 
Biibject  of  consideration  February  18th,  will 
again  be  taken  up;  Mr.  Chanute's  paper  on  the 
"  Elements  of  cost  of  freight  transportation'- 
(March  Transactions),  and  data  then  ijresented 
in  response  to  the  circular  issued,  (Proceed- 
ings, page  58) — asking  from  railroad  managers 
and  others,  detailed  inlormation  as  to  the 
several  items  of  cost  determined  or  observed 
by  them,  will  be  discussed. 

The  next  stated  meeting  of  the  Board  of 
Direction  will  be  held  on  Monday,  May  4th, 
at  2  o'clock  p.  M.,  for  the  transaction  of  regular 
business. 

The  next  afternoon  meeting  of  the  Society 
will  be  held  Wednesday,  May  6th,  at  which  it 
is  expected  that  the  papers  previously  an- 
nounced, "Experiments  on  the  proportion 
which  the  flow  of  streams  bears  to  the  rain- 
fall" and  "  Strains  in  drawbridge  spans  and 
turntables"  will  be  presented. 


The  Sixth  Annual  Convention  of  the 
Society  will  be  convened  in  New  York,  Wed- 
nesday, June  10th,  1874.  The  plan  therefor, 
prepared  by  the  Committee  of  the  Board  of 
Direction,  and  adopted  March  30th,  is  as  fol- 
lows : 

Four  days  will  be  devoted  to  the  Conven- 
tion and  attendant  proceedings  ;  it  will  be 
called  to  order  at  10  o'clock  a.  m.  of  the  first 
day,  as  a  special  meeting  of  the  Society,  for 
the  reading  of  papers,  submission  of  reports, 
discussion  of  professional  subjects,  and  any 
recommendation  for  the  future  action  of  the 
Society — the  session  to  continue  throughout 
the  day  and  evening. 

At  10  o'clock  A.  M.  of  the  second  day  (Thurs- 
day, June  11th),  the  Society  will  proceed  in  a 
body  to  Hoboken,  N.  J.,  upon  the  invitation 
of  W.  W.  Shippen,  Esq.,  to  visit  the  Stevens 
Iron  Clad  Battery,  the  Stevens  Institute  of 
Technology,  and  such  other  points  of  interest 
as  may  be  presented.  At  2  o'clock  p.  m.,  a 
steamboat  excursion  will  start  on  a  tour  of 
inspection  to  the  new  docks  at  the  Battery, 
the  East  River  Bridge,    and  the  submarine 
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works  at  Hell  Gate,  reaching  Harlem  Bridge 
at  5>  o'clock  p.  M.,  aud  returning  either  by 
train  over  the  line  of  the  Fourth  Avenue 
Improvement  to  the  Grand  Central  Deijot, 
arriving  at  6  o'clock  P.  M.,  or  by  boat  to  a 
convenient  point  of  landing  on  the  East 
river — in  time  for  the  Annual  Dinner  at  8 
o'clock  p.  M. 

On  the  morning  •f  the  third  day  (Friday, 
June  12th),  an  excursion  train  will  leave 
Hoboken,  N.  J.,  for  Scrantou  and  Wilkes 
Barre,  by  way  of  the  Delaware,  Lackawanna 
&  Western  K.  Tl.,  to  afford  an  opportunity  of 
visiting  the  Wyoming  coal  basin  ;  the  party 
to  remain  over  night  at  Wilkes  Barre,  aud 
return  on  the  fourth  day  (Saturday,  June 
13th)  over  the  Broad  Mountain,  by  way  of  the 
Lehish  VaUey  R.  R.  to  the  Switchbacks  at 
Mauch  Chunk,  thence  through  Bethlehem 
and  Easton  to  New  York. 

A  general  Committee  of  Arrangements  was 
appointed  with  power  to  regulate  the  duties 
of  sub-committees,  fill  vacancies,  and  assume 
a  general  control  of  all  proceedings  not  in- 
cluded in  the  regular  order  of  business  of  the 
Society,  also  sub-committees  as  follows  :  on 
Invitations,  on  ReceiJtion,  on  Local  Arrange- 
ments, on  Procuring  Papers,  on  General 
Transportation,  on  the  Wilkes  Barre  Excur- 
sion, and  on  Finance. 

It  is  believed  that  the  Transportation  Com- 
mittee can  arrange  with  the  leading  lines  for 
free  transportation  to  and  from  ISew  York, 
details  of  which,  and  the  names  of  those  con- 
stituting the  several  committees,  will  be  an- 
nounced in  May  Transactions. 

Members  are  asked  to  present  papers  upon 
professional  topics  for  the  consideration  of 
the  Convention,  to  promptly  inform  the 
Secretary  of  the  subjects  to  be  treated,  the 
probable  length  of  the  papers,  and  who  will 
attend  the  Convention. 


The  maniiscripts  should  be  placed  with  the 
Committee  on  Libi'ary  at  an  early  day — 
before  June  1st  if  practicable— that  such  ar- 
rangements may  be  made  for  printing  as  will 
facilitate  a  ready  and  intelligent  discussion. 
Diagrams  and  illustrations  should  be  drawn 
to  a  scale  so  as  to  be  plainly  seen  from  all 
parts  of  the  assembly  room. 

Iron  and  Steel  Rails. — Those  to  whom 
Circulars  relating  to  the  form,  weight,  manu- 
facture and  life  of  iron  and  steel  rails,  were 
sent,  who  have  not  responded,  and  who 
possess  information  on  this  subject  which 
will  aid  the  Committee  m  making  a  Report, 
are  requested  to  forward  replies  at  their  early 
convenience,  without  regard  to  the  time  first 
named. 

Comments  and  Discussions — On  the  papers 
published  in  "Transactions,"  are  solicited 
from  members,  whether  present  at  the  meet- 
ings of  the  Society  or  not.  They  are  urged  to 
contribute  selections  from  their  note-books 
and  other  similar  recorded  experience,  bear- 
ing upon  the  subjects  considered;  those  seek- 
ing information  are  asked  to  suggest  profes- 
sional topics  for  discussion. 

Photogkaphs  of  Members. — By  resolution 
of  the  Society,  each  member  has  been  re- 
quested to  furnish  two  protographs  of  him- 
self, of  the  usual  card  size,  as  a  means  of 
promoting  social  recognition  and  intercourse. 
Those  who  have  not  comphod  with  this  re- 
quest are  specially  asked  to  aid  in  making  the 
collection  complete,  by  speedily  forwarding 
their  photographs,  endorsed  with  autograjih 
and  date. 

Rather  than  separate  the  Papers  contained 
In  March  Transactions,  or  delay  their  publica- 
tion, the  Committee  on  Library  determined 
to  add  12  pages,  taken  from  this  number. 


ADMISSIONS  TO  THE   SOCIETY. 


April       7th,  1874 Brown,  JohnM Auburn,  KY. 

Mareli  17tli,  "  Cooper,  Theodore Cooper's  Plains,  N.Y. 

Feb.       IGtli,  "  Frost,  E.  D New  Orleans,  La. 

March    21st,  "  H.\rlow,  James  H Pittsburgh,  Pa. 

9th,  "  KxAPP,  Louis  H. Buffiilo,  N.Y. 

Feb.      16th,  "  Morris,  Egbert  C Nashville,  Tenn. 

March     9th,  "  Pettit,  Henry Philadelphia,  Pa. 

"           "  "  St.ahlberg,  Albert  J.  (J.  )Waterbmy,  Couu. 

April       4th,  "  Ware,  R.  Wlllard Port  Jer\-is,  N.Y. 


THE  WHARTON 
Patent    Safety    Railroad    Switch, 


THE    MAIN    TRACK    ENTIRELY    UNBROKEN    AND    CONTINUOUS. 


Both  Bails  of  the  Main  Track  are  entirely  Undisturbed, 
so  that  the  same  is  unbroken  and  solid  :— therefore,  so  far  as 
the  main  track  is  concerned,  switches  are  entirely  dispensed 
with. 

THIS    IS    THE    ONLY    RAILROAD    SWITCH    THAT   ACCOMPLISHES    THAT 
MOST    IMPORTANT    OBJECT. 

Bv  thus  nrovidiuff  a  perfectly  solid  and  continuous  track,  the 
shocks  and  ^a?s  which  a\-e  the  Lavoidable  result  of  the  two  o^^^^^ 
joints  left  inordinary  switches  are  ^one  away  with,  a^^dtheie  is 
consequently  a  ijreat  saving  in  wear  and  tear  of  the  rolling  stock, 
iind  of  the  rails  tliemselves  at  that  point  .^  ,    .     .       ^..vi^^.f 

Perfect  security  is  given  to  trains  if  the  switch  is  by  accid^ 
left  wrong,  nor  is  there  any  injury  done  to  the  switch  itself  This 
protection  is  so  positive  that  there  is  no  need  of  targets  o  othei 
L  alsto  indicate  the  position  of  the  switches  on  double- rack 
railroads;  while  the  operating  apparatus  for  ^^J^tches  on  i  g  - 
track  railroads  is  so  arranged  that  the  switch  will  not  remain  set 
for  the  siding  if  the  switchman  should  forget  his  duty. 

This  switch  is  adopted  by  the  Pennsylvania  Railroad  Company  ;  Philaclelphia 
Wmnh,Jdn  aid  Ba^timor^  Railroadjon.pany  ;  Cl-sapeake  jnjd  Ohjo  Rajroa^^ 
Compaiw  ;  Baltimore  and  Potomac  Railroad  Company  ;  Central  PacihcR^  load 
Con  .any-  New  Haven  and  Northampton  Railroad  Company  ;  Bennetts  B.anch 
of  Ale  Lnv  Valley  Railroad  Company;  Connecticut  River  Railroad  Company 
UnU       CoS^  Jersey;  New  Orleans  and   Great   Northern    Radroad 

Company  ;   Northern  Central  Railroad  Company  ;   Wilnnngton  and  ^\  eldon    1, ad- 
road  Company,  and  other  leading  Railroads. 

STEEL  EAIL  FROGS  and  CROSSINGS  of  all  angles   and 
(,f  the  most  approved  patterns,  are  also  manufactured  by  us. 
For  drawings,  photographs,  and  full  descriptions,  apply  to 

ABRAHAM  BARKER,  Prest.,  i  ^^^^^^^^^^  ^  ;^^  Switch  Co. 
WM.  WHARTON,  Jr.,  Supt.,J 

p.  O.  Box,  No.  2353.  ) 

Office,  No.  28  South  Third  Street,        ^  PHILADELPHIA,  Pa. 
Factory,  Washington  Avk.  &  23d  St., 


CHARLES   MACDONALD, 


ENGINEER    and   CONTRACTOR 


FOB 


BRIDGES.  ROOFS  AND  VIADUCTS 


OF  ALL  DESCRIPTIONS. 


Plans    and     Estimates    Furnished    upon    Application. 


80    BROADWAY,    NEW    YORK. 


T  H.  K 

COLT'S  ARMORY  TESTING  MACHINE. 

The  Colt  Co.  are  prepared  to  make  tests  of  materials  with  this  machine,  by  tensile,  trans- 
verse, and  crushing  strains,  up  to  100,000  lbs.,  and  with  specimens  of  various  lengths  up  to  S  ft. 

The  elastic  qualities  of  the  material  will  be  given  if  required. 

A.11  results  obtained  from  tests  for  any  parties  will  be  considered  as  belonging  to  them  only, 
and  will  be  treated  as  confidential.     Apply  to 

THE  COIiT'S  PATENT  FIRE  ARMS  MANTJP'G  CO.,  Hartford,  Ct. 


THE     BAXTER     ENGINE. 

From  2  to  10  Horse-Power. 

MANUFACTURED    AND    FOR    SALE 


lie  Colt's  Patent  Fire  ins  life  Co, 


n' 


HARTFORD,  Ct. 


All  parts  of  these  engines  are  made  on  the  interchangeable  sy.^tem, 
and  are  of  the  best  materials  and  workmanship. 

In  these  engines  the  cylinders  and  valve  chest  are  inclosed  within  the  boiler,  so  as  not  to  be 
exposed  to  radiation  ;  they  are,  therefore,  economical  in  the  use  of  fuel,  and  are  not  liable  to 
an  accumulation  of  water  in  the  cylinder,  by  which  so  many  engines  are  injured. 


